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The Society met at 10 o’clock a m, in the geological lecture-rooin, 
Science Hall, University of W isconsin; First Vice-President T. C. Cham­
berlin in the chair. 
Professor C. R. Van Hise welcomed the Society to the city of Madison 
and to the University of Wisconsin. In acknowledgment of this wel­
come response was made by the acting President. 
A communication from the President, Sir J. William Dawson, was 
read, expressing regret at his enforced absence from the meeting of the
I — B ull , G bol , S oc. Am ., V ol. 5, 1893. ( 1 )
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Society, through illness. The scientific portion of his communication 
w a 3  reserved for the scientific program, and placed as the first paper 
upon the list.
ELECTIO N  O F FELLOW S
The Secretary announced as the result of the balloting for Fellows 
that the following persons were elected Fellows of the Society:
S a n d f o r d  F l e m in g , LL. D., Ottawa, Canada. Civil Engineer; interested espe­
cially in Pleistocene geology.
C h a r l e s  H e n r y  G o r d o n , B. S., M. S., Evanston, 111. Instructor in Natural History, 
Northwestern University; now engaged in field-work, principally in Carbon­
iferous regions; also in special studies in stratigraphic geology and in paleon­
tology.
C h a r l e s  A r t h u r  H o l l ic k , Ph. B. Assistant in Geology, Columbia College, New 
York City; engaged in paleontology.
T h o m a s  C h e s m e r  W e s t o n , Ottawa, Canada. Assistant Curator, etc, Geological 
Survey Departm ent; now engaged in  paleontology and ethnology.
A l b e r t  A l l e n  W r ig h t , A . B . ,  Ph. B .,  A . M . Professor of Geology, Oberlin Col­
lege, Oberlin, Ohio; engaged in general geology, with special attention to 
lithologic geology and mineralogy.
The Secretary read a communication from the Alpine Club and an 
accompanying letter from Major Marshall Hall, requesting concert of 
action in observing and recording glacial movements and other glacial 
phenomena. This was accompanied by a recommendation from the 
Council that a committee of three be elected to report at the winter 
meeting of the Society. The committee was elected as follow s: I. C. 
Russell, J. W. Spencer and Warren Upham.
In response to a circular letter of invitation transmitted to foreign 
geologists by the President and Secretary, several letters were presented 
from European geologists expressing regrets at their inability to be pres­
ent at this meeting of the Society.
The President announced that the Council had determined that the 
other sessions of the meeting should be held on Tuesday afternoon and 
Tuesday evening, and on the morning and afternoon of Wednesday.
The scientific work of the meeting was declared in  order, and the 
President announced the first paper on the printed program, which, in 
the absence of the author, was read by the Secretary:
T H E  STUDY OF FOSSIL PLANTS 
BY SIR J. WILLIAM DAWSON
I t is a cause of much regret to me tha t the imperfect restoration of my health 
will prevent me from enjoying the pleasure of attending the Madison meeting of 
the Society. I  beg, however, to extend to all my colleagues and to the visitors
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from abroad who may honor the Society with their presence my most cordial 
regards and good wishes, and to express the hope tha t the meeting may be in the 
highest degree pleasant and profitable.
Though unable to prepare any formal paper or address, I  desire to invite your 
attention for a few minutes to a subject to which I have given some study in recent 
years, more especially from the point of view of a geologist.
The study of fossil plants has until lately been comparatively neglected by geolo­
gists, in comparison with that of animal fossils. Its interest in connection with 
the history of life on the earth has been admitted on all sides, and much attention 
has been given both to the discrimination of species and to the peculiar structures 
of the more ancient forms of vegetation, but it has by many geologists been quietly 
set aside as having little bearing on the progress of their science. I  propose to 
make a few remarks on this subject, based principally on my own experience, and 
preparatory perhaps to a more full treatment of the question should I  be permitted 
to attend the winter meeting of the Society.
The two principal points in  which fossil plants can aid the geologist are in the 
determination of geologic age and in tha t of climatal conditions. In  regard to the 
former, plants have the advantage of very wide geographic distribution over 
the continents, and in earlier periods, when climatal distinctions were less marked, 
more so than at present. In  this respect they correspond in some degree on the 
land to the distribution of the lower forms of marine life in the sea. On the other 
hand, they are much affected by climate, altitude and station, but scarcely more 
so than animal fossils. The species and generic forms of plants are, however, of 
long duration, and are therefore less available for nice discrimination of subdivis­
ions of geologic formations than the higher animals. W ith reference to indications 
of change of climate, and this more especially in the later parts of the geologic 
series, they are of paramount value and have afforded the most satisfactory results.
I f  we go back to the oldest land flora certainly known, that of the Silurian and 
Erian or Devonian, though the plants are of strange and peculiar forms and indica­
tive of a much greater uniformity of climate than that prevailing at present, they 
afford valuable marks of geologic time. I  have shown tha t in  Canada three sub­
divisions are indicated by fossil plants, and this with a great degree of certainty. 
The oldest is that of the upper beds of the Silurian and the lower Erian, character­
ized by the prevalence of Pdlophyton, Arthrostigma and some rhizocarpean forms 
like Parka. This holds good over both America and western Europe. The second 
is tha t of the middle Erian, of which a prominent type is that of the plant beds of 
Saint John, New Brunswick. This is remarkably rich in  ferns, and with this cor­
responds the not. infrequent occurrence of drift stems of tree ferns even in the 
marine limestones and shales of the Corniferous and Hamilton groups in the United 
States. The rich plant beds of this horizon are apparently very limited in distribu­
tion, but wherever they can be found they will yield good geologic evidence. The 
upper Erian (Chemung and Catskill) shows a poorer flora, but is characterized by 
the ferns of the genus Archxopteris, and in some regions by a marvelous abundanoe 
Of macrospores of Proto-salvinia. These three subdivisions have now been so cor­
related with the fossil fishes and the stratigraphy of the system tha t no doubt can 
exist as to their validity or their value in determining different horizons.
Ascending into the Carboniferous we find the same monotonous flora, indicating 
the  prevalence of very uniform conditions over large areas, and probably a low and 
flat position of the continents and much carbon dioxide in the atmosphere. This
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flora also, like that of the Erian, prevails from the north pole to the equator, and 
with some modification in the southern hemisphere. We have here also three 
well marked sub-floras. The oldest is characterized by lepidodendra, with im­
perfectly developed exogenous woody zone and short leaves of the type of L. 
velthemianum, and by cyclopterid ferns of the type which I  have named Aneimitea. 
The Horton series of Nova Scotia, the lower or bastard Coal Measures of the 
Southern states, and the Tweedian series of England and Scotland exemplify this 
flora, which is markedly distinct from that of the upper Erian below and that of 
the Millstone Grit and productive coal measures above. The central group exem­
plifies the culmination of the well known coal formation flora, on which no special 
remark need be made. Above this the Carboniferous flora dwindles into that of 
the Permian, described by Fontaine in the south and by Mr Bain and myself in 
Prince Edward island. The genus Tylodendron is one of its peculiar forms, as well 
as certain species of calamites, ferns and asterophyllites.
The older Mesozoic flora is quite distinct from that of the Carboniferous on the 
one hand and tha t of the middle Cretaceous on the other. Its subdivisions are 
not so well marked or so well ascertained as those of the Carboniferous, but there 
are certainly distinct Triassic, Jurassic and lower Cretaceous forms, quite suffi­
cient for paleontologic distinction.
In  the middle and upper Cretaceous and the Tertiary there has been much con­
fusion, owing to want of stratigraphic distinctness of the beds holding the fossils. 
This difficulty is. however, rapidly being removed, and Starkie Gardner, in En­
gland, and Ward, in America, have been successfully laboring in  this, while we 
have been doin? our share in Canada. In  North America, a t least, there is now 
no difficulty in distinguishing a lower, middle and upper Cretaceous flora, besides 
tha t of the Laramie, which is more nearly related to the lower Eocene than to that 
of the Cretaceous, that of the Miocene, and that of the Pliocene and Pleistocene. 
The distinctness and yet similarities of these successive floras, their growing assim­
ilation to those of the modern period, and the vicissitudes of physical geography 
and climate which they indicate are among the most remarkable facts of modern 
geology; and it is not saying too much to affirm that, in so far as climatal condi­
tions are concerned, the evidence o f fossil plants has done more than that of ani­
mals to elucidate these vicissitudes of the earth’s later history, and that i t  is des­
tined in the near future to do so still more. On this part of the subject, however, 
I  do not propose to enter a t present. I t  is one raising a great variety of difficult 
questions respecting the alternations of warm and cold climates in the northern 
hemisphere, and I  hope to make it the subject of an address for our winter meet­
ing.
This country has lost within a short time two distinguished paleobotanists: 
first Lesquereux and then Newberry—losses hard to be supplied. I t  is, however, 
gratifying to know that there are younger men ably following in their steps. The 
Geological Survey of the United States has just published, under the judicious 
editorship of Professor Knowlton, Lesquereux’s last work on that most interesting 
flora of the Dakota group, which in Cenomanian times extended itself over North 
America and as far as Greenland; and for the first time established on our conti­
nent, and this in a grand and noble form, the undisputed reign of the dicotyledo­
nous trees. To this report Lesquereux has appended an analysis of the Cretaceous 
floras, embodying the results of his long experience, and tracing the fortunes of the 
several genera, so far as known, from their earliest appearance to the modern time.
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This essay deserves the careful study of every one interested in the history of life 
on our p lane t..
I t  is well tha t the Geological Survey of the United States can give to the world 
such works and can afford a place on its staff and in its laboratories to this im­
portant subject. I t  is to be hoped that it may do this to a still greater extent, for 
however the study of fossil plants may be advanced by the zeal of independent 
collectors and students, i t  requires a national nucleus and means for adequate pub­
lication and distribution of its results, and for the safe keeping and proper arrange­
m ent of those specimens, often so rare, valuable and fragile, which exhibit to the 
eye the history of plant life from the old Paleozoic times.
Remarks upon the matter of the President’s communication were 
made by C. D. Walcott, who stated that the uncompleted work of Pro­
fessor J. S. Newberry would be prepared for publication by Dr Arthur 
Hollick, and that paleobotanic work was receiving full attention in the 
United States Geological Survey and National Museum; Professor Lester
F. Ward and Professor F. H. Knowlton being engaged upon the paleo­
botany of the Mesozoic and Cenozoic strata, and Mr David W hite upon 
the Paleozoic flora.
The second paper read was—
O RIG IN  OF T H E  PE N N S Y L V A N IA  A N T H R A C IT E  
BY J . J . STEVENSON
This paper will be found printed in full in succeeding pages of this 
volume.
The third and concluding paper of the morning session was as follows: 
T H E  SUCCESSION IN  T H E  M ARQ U ETTE IR O N  D ISTR ICT OF M ICHIG A N  
BY C. B. VAN HISE
[Abstract]
As a result of the detailed mapping of the Marquette iron-bearing district of 
Michigan by the Lake Superior division of the United States Geological Survey the 
following succession has been found to obtain in the iron-producing part of the 
a re a :
The oldest group of the region is the Basement Complex, consisting of granites, 
gneisses, various green schists and greenstone-conglomerates. The latter rocks 
appear to be surface volcanjcs, in part lavas and in part tuffs. The green schists, 
as well as the mica-schists, hornblende-schists and gneisses, are intruded in  the 
most intricate way by the granite and gneissoid granite. Many of the laminated 
rocks have been traced into massive phases, so that it is known that many of them 
are of igneous origin. On the other hand, it has not been possible as yet to show
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that any are sedimentary, although it  is not asserted that such rocks do not exist 
within the Basement Complex.
Following the Basement Complex unconformably is the Lower Marquette series. 
At the base of this series is a conglomerate and quartzite formation, usually thin, 
and upon this rests an iron-bearing formation, so called because within it occur 
ore-bodies. The change from the quartzite to the iron-bearing formation is usually 
gradual, and before the typical phases of the formation appear there are in places 
several alternations of fragmeiital and non-fragmental material. The iron-bearing 
formation comprises many varieties of rocks, actinolite-magnetite-schists, ferrugi­
nous chert and jasper, however, being the most prevalent, but ferro-dolomite is 
also present.
Resting unconformably on the Lower Marquette series or upon the Basement 
Complex is the Upper Marquette series. Looked at broadly, this is a great shale, 
mica-slate and miea-schist formation. However, at its base at many places are 
quartzites and conglomerates, the character of which depends upon the immedi­
ately subjacent rocks. Where the inferior rock chances to be the iron-bearing 
formation of the Lower Marquette, the detritus forms a recomposed iron-formation, 
and when secondary concentration has also occurred, this may carry ore-bodies. 
The Upper Marquette slate contains another iron-bearing horizon, which is situated 
several hundred to one thousand feet from its base. The phases of rock consti­
tuting this formation are similar to those of the iron-bearing formation in the Lower 
Marquette, although jasper is not so plentiful, and cherty ferro-dolomite is more 
abundant.
At the east end of the Marquette district appears an area of cherty quartzites, 
slates and cherty limestones, to which the term Mesnard series has been applied 
by the Michigan state survey. This series is lithologically very different from the 
Lower Marquette or Upper Marquette series as developed in the iron-bearing district 
to the westward. Its position has not yet been positively determined. I t  is pos­
sibly a downward continuation of the Upper Marquette series, and also possibly 
occupies a position unconformably between the Lower Marquette and Upper Mar­
quette series as they exist to the west. The succession in the Mesnardarea in its 
most typical development comprises in ascending order (1) a lower quartzite, at the 
bottom of which is frequently a basal conglomerate ; (2) a formation consisting of 
dolomite interstratified with slates and quartzites, often cherty, and (3) an upper 
quartzite often similar to the belts of this rock interstratified with the dolomite.
Included within the Marquette series are great intrusive dikes and bosses of 
altered diabase. Their intrusion is in many places the cause of the minor folding. 
Also in the Upper Marquette district is an extensive area of contemporaneous vol- 
canics, largely tuffs, running from north of the Saginaw and Goodrich mines to 
Champion. The greatest width of this volcanic belt and the locus of the ancient 
volcano was southeast of Clarksburg. In  passing east or west from this center 
more and more of water-deposited sediments appear mingled with the volcanic 
débris, until the rocks pass into the ordinary sediments of the region.
To the above succession and the separating unconformities both the United 
States and the Michigan geological surveys are agreed. The latter survey has, 
however, recently announced that the Lower Marquette and the Upper Marquette 
are each divisible into two series by minor unconformities ; the first into Republic 
and Mesnard, the second into Holyoke and Negaunee. This order places the 
Mesnard in the second of the two possible places above suggested. The evidence 
upon which these new subdivisions are based has as yet not been published.
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The Society was called to order by. Vice-President Stevenson, at 2 
o’clock, and the following paper was read by F. W. Sardeson :
T H E  M A G N E SIA S SE R IE S  OF T H E  N O RT H W E ST ER N  STATES 
BY C. W. HALL AND F. W. SARDESON
This paper will be found printed in  full in  the succeeding pages of 
this volume. 
The three following papers, by the same author, were read in succes­
sion without discussion:
A  N E W  SPEC IES OF D I N I C H T H Y S
A N EW  C LAD O D U S  FROM  T H E  CLEVELA N D  S H A L E
A  R E M A R K A B L E  FO SSIL JA W  FROM  T H E  C LE V E LA N D  SH A L E
BY E. W. CLAYPOLE
The three following papers were read in succession and discussed as 
a w hole:
LIM ITS O F T H E  G LACIATED A R EA  IN  N EW  JE R S E Y  
BY A. A. WEIGHT 
Contents
Page
In tro d u ctio n ..............................................................................................................................................................  7
C haracter o f th e  glacial M aterial........................................................................................................................ 8
Topography o f th e  Region and  its  Influence on G laciation.....................................................................  8
D eterm ination  of the  boundary  L ine ....................................................................................................... ........ 8
T he  A ltitude of th e  dete rm ined  P o in ts ............................................................................................................ 11
Parallelism  of glacial B oundary and M oraine...............................................................................................  11
D uration  and  Efficiency of the  glacial Ice ...................................................................................................... 12
Lobes of the  New Jersey  M oraine......................................................................................................................  12
Southeastern  L im it of th e  glacial Ice ..................................................................... .........................................  13
I n t r o d u c t io n .
A year ago, at the Rochester meeting of the American Association for the 
Advancement of Science, I  presented a paper on “ Extramorainic. Drift in New 
Jersey,” in which the endeavor was made to distinguish between the true glacial 
deposits and those -which had suffered some secondary transportation by water or 
floating ice. The area studied was principally the western part of the state, from 
Delaware river about Belvidere and Easton eastward to about Oxford Furnace, 
Washington and High Bridge, the latter on the southern branch of Raritan river.
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During the present season I  have had the opportunity of extending observations 
eastward and southward. The additional facts now presented sustain most of the 
conclusions of the previous paper, but modify some, and, as I  trust,, will be found 
an advance in the endeavor to locate the southern limit of the earlier extension of 
the ice-sheet. A part of this field-work this year, as last, was done in company 
with Professor G. F. Wright.
C h a r a c t e r  o p  t h e  g l a c ia l  M a t e r ia l .
The area south of the moraine presents great geologic and topographic diversity, 
and as a result the glacial deposits in this area exhibit a great variety both as to 
their lithologic constitution and as to their structural arrangement. Lithologically 
we have in place Hudson river slates and shales, Siluro-Cambrian limestones, 
Cambrian quartzites and Archean gneisses, which, although they exist also in the 
regions north of the moraine, are found in place south of the moraine and enter 
conspicuously into the extramorainic deposits. Beyond these we find the south­
ernmost glacial deposits'spread out upon the red Triassic formation, and in such 
cases the Trias has contributed richly of its varied elements—shales, sandstones and 
quartzites; the latter from its conglomeratic layers. For foreign elements we find 
bowlders representing the Oriskany, the Clinton, the Medina and Oneida, all of 
which exist in place in the region of K ittatinny mountain, upon the extreme 
northern border of the state, while the Green Pond mountain series lies at a less 
distance north of the moraine. Doubtless, also, some of the erratics are to be 
ascribed to the Laurentian area of the north. While all of these elements may 
enter into the composition of a deposit, it is still by the recognition of the few that 
may be scattered upon the surface of a region that the path  of the ice is principally 
traced.
T o p o g r a p h y  o f  t h e  R e g io n  a n d  it s  I n f l u e n c e  o n  G l a c ia t io n .
The topography of the region also is sufficiently varied to beget great diversity 
in the thickness and extent of the true glacial deposits. On the west there are 
highland ridges which run diagonally to the principal direction of ice-flow, thus 
deflecting the ice-currents and affecting the position and the thickness of the 
deposits. Further east there are several trap-ridges which similarly affected and 
limited the ice-flow. Even the smaller preglacial valleys of erosion, which consti­
tuted the finer features of the surface configuration, are sometimes seen to have 
controlled the local thickness of deposits, while postglacial erosion, however great 
or small this may be, has added its effect in the same direction. This great variety 
of aspects which the drift presents, while it adds interest to the task, adds also 
some difficulties which are not everywhere encountered, with a resulting variety 
of views on the part of different observers.
D e t e r m in a t io n  o f  t h e  b o u n d a r y  L i n e .
The region where the limit of the ice-flow can be most distinctly seen is perhaps 
neither on the eastern nor on the western border of the state, but nearer the cen­
ter. Over the tolerably level plain west of Somerville and south of W hite House, 
where the rock in place is a rather uniform Triassic shale, there are several points 
where the distribution of northern material ceases abruptly. One of the most
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accessible and satisfactory of these is situated one mile south of W hite House sta­
tion, in Hunterdon county. There is here a fine deposit of red till, exposed to a 
depth of six or eight feet, containing pebbles of gneiss, quartzite, etc, from four 
inches in diameter down, while other fragments of similar rock up to a size of two 
and three feet are seen along the road. This deposit extends east and west, in a 
gentle swell, for more than a mile. A trifle further southward, at Drea Hook 
school-house, the last of the northern pebbles are seen scattered thinly over the 
fields and quite small in size. Southward from this point for a distance of at least 
two miles the country is entirely destitute of pebbles of every sort. The fields are 
clean and smooth and the shale in place frequently comes close to the surface. On 
the other hand, northward from this point for five miles through W hite House, 
Potterstown and Lamington, and thence eastward through Greater Cross-roads to 
Pluckamin, all upon the same Triassic area, there is to be found plenty of north­
ern material, such as Green Pond mountain conglomerates, K ittatinny mountain 
quartzites and conglomerates, gneisses of various sorts, black flint, white quartz 
and so on.
Several other points in this vicinity were determined as definitely as that at 
Drea Hook. One mile southeast of Drea Hook a similar crossing of the border 
showed similar appearances. Still farther east the same sharp contrast occurs one 
mile north of Readington, and again about two miles east of Readington. In all 
of these cases the foreign material is distributed in such positions with reference 
to the topography as to warrant the belief that land-ice was the distributing agent.
Drawing a line through the points just mentioned, we find tha t it runs from the 
vicinity of the junction of the northern and southern branches of Raritan river 
with a northwesterly course to the eastern flank of the trap-ridge called Cushetunk 
mountain. This curved ridge, rising 400 or 500 feet above the surrounding country, 
apparently acted as a barrier against which the margin of the ice abutted, but 
which it did not override. Northern bowlders are found plentifully around its 
northern base, but not upon the southern. For example, in the railroad cut a mile 
west of White House station there is a deposit of till eighteen inches deep with 
northern pebbles up to a size of six inches. Upon examining the northern flank 
of the ridge up to 50 or 100 feet nothing but the local trap could be detected. At the 
town of Lebanon, on the northern base of the mountain, there is a good depth of 
till with northern bowlders. At Annandale, two miles farther westward, there are 
large fragments of quartzite and of Green Pond mountain conglomerate up to a 
length of two and a half feet. On the western foot of the mountain, at Allerville, 
four miles or more south of High Bridge, northern material is quite abundant, but 
it disappears a short distance south of this place, and for a mile or more beyond 
nothing foreign is found. An examination of Round valley, which lies within the 
horseshoe curve of Cushetunk mountain, revealed no evidence of its having been 
occupied by ice.
The country west of Cushetunk mountain lies somewhat higher than that on the 
east, and is more deeply sculptured by erosion, yet a number of points upon the 
boundary of glaciation seemed to be satisfactorily made out here. The underlying 
rock is Triassic, and it would seem that all foreign materials might easily be dis­
tinguished in contrast with it;  but over most of the region it is the conglomeratic 
layers of the Trias that are exposed, and which contain pebbles of northern 
quartzites, conglomerates and probably other types of rock brought into the region 
IX—B u l l .  G e o l .  S o c . A m . ,  V o l .  5, 1893,
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in Triassic times. These rounded pebbles have been weathered out of their un­
stable red matrix: in great numbers, probably in both preglacial and postglacial 
times. They reach a size of three inches commonly, but still there are plenty of 6 
and 12 inches and some of 15 inches. Not infrequently in the vicinity of streams 
we find these pebbles redeposited with clay and sand in unstratified masses closely 
resembling glacial till. There are other deposits of these same materials, however, 
which are doubtless glacial, and some of them may be characterized by angular 
fragments of gneiss from the mountains northward, which have never been im­
bedded in the Triassic conglomerate. On account of the difficulties just described 
the points upon the boundary which are given west of Cushetunk mountain may 
not have been determined with entire precision, but they are believed to be nearly 
correct.
F i g u r e  I.—Map showing Limits o f the glaciated Area in New Jersey.
The first point is one-half mile south of Allerville; the second is a mile west of 
the first and a mile east of Landsdown; the third is at Sidney, a mile southwest 
of Landsdown; the fourth is at King’s mill or Kingstown, and includes the hills 
north of Pittstown, but excludes those to the southeast and southwest of Pitts- 
tow n; the fifth and sixth are about a mile south and southwest respectively of 
Midvale. This last station is at an altitude of 600 feet above tide, and, although 
still upon the Triassic, is not greatly lower than some of the passes upon the 
Archean ridge of Musconetcong mountain. The line doubtless passes south of 
Pattenburg and north of Little York, crosses the Musconetcong ridge at the altitude 
of 760 feet southwest of Bloomsbury, lies high upon the northwestern flank of the 
Musconetcong south of Hughesville, and reaches the Delaware river in the vicinity 
of Riegelsville. More detailed work may yet be profitably done in determining 
the distribution of the drift upon Musconetcong mountain west of Pattenburg.
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The A l t it u d e  o f  t h e  d e t e r m in e d  P o in t s .
The altitude of the points upon this boundary line decreases from west to east. 
Upon Musconetcong mountain it is 760 feet; southwest of Midvale it is 600 feet; 
north of Pittstown it is 460 feet; at Sidney, 360 feet; around the base of Cushetunk 
mountain it is 260 feet, and at Readington, 180 feet. Further east on this line it 
is impossible, from any observations yet made, to locate the  boundary. The land 
near the Raritan is mostly between 50 and 100 feet above tide, and although there 
is plenty of foreign material lying upon the Triassic base, the possibility and the 
strong probability of its having been transported by other agencies than land-ice 
will force itself upon the mind of any observer. To the eastward and southward 
from South Branch there is encountered at all levels up to 125 or even 140 feet 
pebbles of yellow and white quartz, well rounded and about an inch in diameter. 
They are scattered rather thinly over the fields from South Branch to New Bruns­
wick and from Somerville southward. On the low grounds along streams they 
may be found gathered, with sand, to a thickness of several feet. These pebbles 
plainly do not come from the north, but as plainly they resemble the gravel that to 
the southeastward lies five to fifteen feet thick upon the Cretaceous belt, extending 
from South Amboy to Trenton. They seem to imply a submergence, accompanied 
by water transportation from the southeast.
Associated with these yellow pebbles in many places there are larger ones, up to 
three inches, of white sandstone, well rounded and weathered to a buff or brown 
exterior. True quartzite pebbles of similar appearance also occur, and, beside all 
these, larger specimens of frpm. 6 to 24 inches, especially of sandstones and quartz- 
ites, are irregularly scattered over a great area from Metuchen southwestward. 
They may have been carried by floating ice.
There is some evidence that this lobe of the ice-sheet never extended far into the 
country south of the Raritan, on account of the barrier presented by the trap-ridges 
called Watchung mountain or First and Second mountains. First mountain is 
about 500 feet high and Second mountain about 600. At the base of First mountain, 
directly north of Somerville and above the 140-foot contour, there are erratics 
which I  think were deposited by land-ice. They consist of gneiss, quartzite, con­
glomerate, sandstone and trap, the latter the most abundant of all. Northern 
bowlders are also abundant at Pluckamin, on the western margin of the trap-hills, 
but eastward of Somerville and northward of Bound Brook none of these were 
detected; also, careful search upon the summit of the ridge north of Somerville 
and west of Plainfield has failed to show anything but trap. The valley between 
the two mountains, from Washingtonville to Warrenville, is likewise destitute, but 
there is plenty of northern material from Mount Bethel to Liberty Corners at the 
general level of 250 feet. From these facts it seems probable that the ice-sheet 
was never sufficiently powerful to override these trap-ridges in their southernmost 
extension, and we must look northward rather than southward for the true limit of 
the glaciated area.
P a r a l l e l is m  o f  g l a c ia l  B o u n d a r y  a n d  M o r a in e .
The glacial boundary as thus far described will naturally be compared in position 
with that part of the moraine which lies north of it. The general parallelism of 
the two lines is apparent. The average distance between them is about 17 miles,
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with a maximum of perhaps 20. While both lines are visibly deflected by the 
elevations of the land over which they pass, it is seen tha t the boundary is much 
the more sensitive of the two to these variations in altitude. The moraine rises 
from 300 feet at Belvidere, on Delaware river, to 960 feet at Budd’s Lake, on Mus- 
conetcong mountain, beyond which point it descends. The boundary rises from 
the low ground at Riegelsville on the river to 760 feet on Musconetcong mountain, 
beyond which it descends; but at two different points we find its margin indented 
by trap-ridges of much less altitude than these maximum elevations. This fact 
seems to indicate that the southern margin of the ice was comparatively thin.
D u r a t io n  a n d  E f f ic ie n c y  o f  t h e  g l a c ia l  I c e .
Some additional facts enumerated below seem to show that the work of the ice 
in this extramorainio area was relatively brief and not very powerful:
1. Its brevity is indicated by its failure to produce well marked morainal lines. 
While an exceedingly slow and uniform advance and a retreat of the same char­
acter may be conceivable, yet the chances would be that if the ice covered the area 
for any considerable length of time morainal lines would be developed.
2. There are some districts where the signs of glaciation are exceedingly scanty, 
where foreign bowlders or rounded bowlders or striated bowlders can scarcely be 
found. An instance in point is the region north of High Bridge, where for several 
miles no sure signs of glaciation were detected. The angular gneiss blocks which 
monopolize the surface are still resting on a gneiss basis, as if never disturbed; and 
yet we now know from other sources that the whole must have been covered with 
ice. I t  is hardly probable that postglacial erosion, however long continued, could 
wholly remove foreign bowlders from any district over which they had once been 
spread.
3. Many of the till deposits, especially those farther from the moraine, are com­
posed largely of local m aterial; that is, material which has not been carried very 
far. Is not this, in this case, a sign of the evanescent character of the glaciation ? 
The first work of an invading ice-sheet will of necessity be tha t of pushing forward 
the local materials loosened by previous disintegration. I f  the advancing margin 
of the ice-sheet is formed, as is probable, from local snowfall rather than from 
the onward moving ice that was compacted far northward, the foreign material 
will be somewhat tardy in its arrival. In  any case, the longer the glaciation con­
tinues the greater will be the quantity, if  not the proportion, of foreign material. 
I t  is perhaps true that the majority of till deposits contain in the aggregate a  greater 
amount of local than of foreign material, yet the vivid impression left upon one 
after studying the southern deposits in New Jersey is tha t the till responds very 
quickly to any change in the underlying rock, and th a t nearly all the erratics 
might have been obtained from latitudes not higher than those covered by the 
state of New Jersey itself. Comparatively few have to be referred to regions north 
of the Mohawk or of the Saint Lawrence.
L oises o f  t h e  N e w  J e r s e y  M o r a in e .
The moraine in New Jersey may be naturally divided into two portions:
1. That which was formed by the Delaware lobe of the ice-sheet in the western 
part of the state.
2. That formed by the Hudson lobe in the eastern part.
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The two parts join at Denville, where the moraine is seen to jnake a bend at 
right angles. From the very curve of the eastern part it is evident that a powerful 
current of ice was poured down the Hudson River region during the period of 
its formation, carrying the moraine as far as Perth Amboy, which is fully 27 miles 
south of Denville.
S o u t h e a s t e r n  L im it  o f  t h e  g l a c ia l  I c e .
The question at once arises whether, during the earlier period of maximum 
glaciation, the ice extended as far south of the Hudson lobe as it did south of the 
Delaware lobe. This problem is as yet unsolved. .Although many blocks of 
northern gneiss and trap have been carried across Raritan river, and although 
white sandstones, conglomerates and quartzites, some of them three feet long, have 
been carried at least 15 miles southwestward from Perth Amboy,' many of which 
were, as I  think, derived from the Hudson river ice-flow, yet, so far as I have had 
opportunity to observe, they all lie on low ground and are associated with the 
yellow quartz-pebbles to which I  have previously referred. The suspicion there­
fore obtains tha t they were transported by floating ice.
In  the absence of the author the next paper was read by A. A. W right:
SOUTH M OUNTAIN GLACIATION 
BY EDWARD H . WILLIAMS, JUNIOR
The region studied and concerning which this preliminary note is written is 
bounded on the north by South mountain just back of South Bethlehem, Pennsyl­
vania, and on the south by a spur of the same range south of Center valley, Penn­
sylvania. Its eastern edge is on a line through Leithsville and Hellertown, and 
its western limit is a mile west of Seidersville. I t  occupies a space three inches 
from north to south and two in the other direction on the colored map of Lehigh 
and Northampton counties in Report of Progress, D3, volume i, of the Second Geo­
logical Survey of Pennsylvania. An examination of maps 2 and 3 of the Durham 
and Reading hills, in the same volume, will show that the greater part of the area 
lies in the Saucon valley, which is landlocked to the south below 400 feet above 
tide, and which drains into the Lehigh valley at Shimersville by means of Saucon 
creek.
The valley is completely surrounded by hills of the South mountain gneiss, which 
have a narrow belt of Potsdam about them, while the central part is Siluro-Cam- 
brian limestone, which has a trend northeast and southwest, and parallel to the 
trend of the range. The gneiss is generally syenitic in this area, but varies from 
acid to basic. The limestone readily decomposes to a clay, and in so doing de­
velops a finely laminated structure. The Potsdam is a quartzite, with conchoidal 
fracture, and the latter is due partly to pressure, but generally to concentric aggre­
gation about the original grains of the sandstone. I t can be usuallv detected when 
weathered, but when this is extreme it simulates Medina, so tha t care is neces­
sary in determining very much decomposed specimens of both these formations.
The discussion as to whether ice ever came as far south as Bethlehem induced 
the writer to put the postgraduates in mining engineering upon this part of the 
country for their geological survey, and, to make the matter sufficiently easy of
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determination, i t  was decided to take for criteria Oriskany pebbles and bowlders, 
as that formation is generally fossiliferous along its outcrops to the north, and is so 
different from the Potsdam as to be readily distinguished from it a t all stages of 
weathering, even when destitute of fossils. The presence of this rock would be an 
evidence of transportation, and when higher than 450 feet above tide (the level of 
the Columbia formation) would be evidence of the presence of ice or of the former 
occupancy of the region by Oriskany. The latter condition is so evidently impos­
sible, when the position of the outcrops is studied, that i t  would be safe to attribute 
to ice the presence of such finds, especially if water-worn or glaciated.
The north side of the South mountain is deeply weathered, and in  a cutting for 
the South Bethlehem reservoir extends over 20 feet below the surface. I t  is seldom 
that the gneiss is found at the surface in place. On this side of the mountain there 
were few evidences of transportation found, but these extended to the height of 
600 feet above tide. Dropping the work on this side, the south side was examined, 
and there large masses of Oriskany were found, as well as typical masses of Oneida 
conglomerate. These were found mixed with Potsdam and gneiss as far south as 
a line through the second railroad cut south of Bingen station to the house of Cap­
tain Eudy near the most northern of the zinc mines at Friedensville, and south of 
this line nothing of the kind has thus far been found. On the contrary, the sur­
face is generally free from everything but the rocks of the formation lying beneath 
and exhibits these rocks in  more or less weathered conditions. North of this line 
four lines of rocks, more or less continuous, were found tha t were generally parallel 
to one another. The second from the south has been traced from the hill just 
north of Leithsville to the top of the elevation one and one-half miles west of 
Seidersville, where the barometer shows over 700 feet above tide. In  these lines 
there are stones of all sizes, from small pebbles to bowlders several feet long, and 
in some places Oriskany is abundant.
This work is to be continued next fall, when an attempt will be made to trace 
the fringe over the mountain to the Lehigh valley. As it is, however, but 10 feet 
thick at best in the valleys, it may be impossible to do this in a satisfactory manner. 
This preliminary notice is to call attention to the fact that the area of direct glacia­
tion is extended 22 miles to the southward of the great moraine—this is, about the 
distance of the Pattenburg, New Jersey, deposits from the same—and that a line 
through the New Jersey places extended to the points studied would be parallel to 
the great moraine. As the Saucon is a closed valley to the south, it is proposed to 
see if any evidences are left of beaches in the small lake formed when the ice shut 
up the northern opening. This will require a more careful survey than has thus 
far been attempted.
Finally, there has been found a patch of Potsdam on the mountain back of 
Seidersville, extending from a point about 150 feet east of the road to Bethlehem 
for a quarter of a mile eastward and a t a height of 640 feet above tide. This shows 
that the outcrop, as marked on the map, must be revised.
Since writing the above it has been possible to put a few more days upon the 
field to settle the following points :
1. When the ice crossed the range on the road from Bethlehem to Emaus it 
removed the old soil and the undecomposed gneiss is now within a few inches of 
the surface. The covering seems to be foreign, as a few flakes of quartzite were 
found in it. The lower flanks of the same spur at the new South Bethlehem reser­
voirs show over 20 feet of decomposed gneiss.
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2. A tongue of the glacier went over the Triassic hill south of Leithsville (how 
far over is not known) at an elevation of 980 feet above tide. This tongue came 
through the gap made by the opening of the Saucon valley into the Lehigh valley 
and crossed transversely the Saucon-Durham divide.
3. There are a t least 15 feet of glacial gravel on the Lehigh-Schuylkill divide at 
Topton, Pennsylvania, a t 490 feet above tide. This gives the origin of all glaciated 
m atter in the Schuylkill valley in the Lehigh I'egion.
4. A section at West Bethlehem gives at least 12 feet of red clay with bowlders 
(called provisionally “ bowlder-clay ” ). This exists universally to the north of the 
South Mountain range, near Bethlehem, below a level of 440 feet above tide. I t 
may have been deposited higher, but the red clay from decomposed gneiss is so 
similar in color that the two can be distinguished only by the foreign stones, and 
these are not always present. Under this clay come at least 22 feet of sandy 
gravel (“ plunge and flow” structure), which rest on the scraped surface of the 
limestone. The sequence i s : (a) glacial erosion; (b) deposit of gravel: (c) deposit 
of bowlder-clay. South of the mountain in  the Saucon valley we do not find the 
bowlder-clay. This shows no flow up and through that valley when the clay was 
forming to the north.
5. The moraine-stuff consists of local angular fragments, much decomposed and 
oxidized, mixed with water-worn and sometimes striated foreign rock (trap, 
Oneida, Medina, Clinton, Oriskany, etc.), with polished surface; oxidation extend­
ing from a few lines to one-half inch from the surface, while the interior is gen­
erally fresh, except where the specimen is highly porous. This represents old 
local surface material that has been scraped and pushed ahead, mixed with recent 
foreign material taken from a river bed. As the glacier crossed the Lehigh at 
nearly a right angle at Bethlehem, and as the head-waters of th a t stream were 
generally free from ice, we can see tha t the portion of the river that escaped sub- 
glacially left its rocks, gravel and sands to be caught by the glacier and carried 
upon and over the mountains. Sandy and gravelly till is found at all elevations up 
to 980 feet above tide, and of all depths up to 30 feet.
6. From Allentown to Easton the glacier retreated down the Lehigh valley. The 
plunge and flow gravels were probably deposited as the river made its subglacial 
plunge, and the bowlder-clays when the river was dammed by the choking of its 
subglacial channel. A lake would be formed of the Lehigh valley, with slight 
drainage subglacially, but with its main outlet over the Lehigh-Schuylkill divide, 
which is now covered with glaciated material to a considerable depth. This 
divide is about four miles wide a t the 500-foot contour line.
The conclusions from the above a re :
1. That the general parallelism between the extreme line of glaciation and that 
of the great moraine indicates an impetus from a common center.
2. That the exposed gneiss on the mountain-top and fresh nature of the foreign 
material shows a recent date to that impetus.
3. That coming from a common origin and by a recent impetus, we are justified 
in  calling the recently found evidence a “ fringe” of the great moraine which was 
formed at the retreat of the same glacier that caused the “ fringe.”
4. That until the ice had retreated north of the mouth of the Lehigh there was 
an extensive discharge into the Schuylkill valley.*
*See maps in R eport of Progress, D3, Atlas to vols. 1 and 2, Second Geological Survey of Penn­
sylvania,
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The third paper w as:
EX TRA M O RA IN IC  D R IF T  IN  N EW  JER SEY  
BY G. FREDERICK WRIGHT
In the discussion of the three foregoing papers remarks were made as 
follows: 
T. C. Chamberlin:
There is ground for congratulation in the large advance made by these papers 
toward harmonious views concerning the extramorainic drift of the Delaware 
region. A year ago the Professors W right stoutly contended that a portion of the 
drift now classified by them as glacial drift was of a residuary or other origin, and 
vigorously antagonized the position previously taken by Professor Salisbury, who 
contended that these formations were true glacial deposits. The maps now pre­
sented by the Professors W right include the localities of High Bridge, Pattenburg 
and others, which were specifically urged by Professor Salisbury as glacial forma­
tions, a view specifically opposed by the Professors Wright. The present mapping 
includes all the localities that Professor Salisbury insisted were unquestionably of 
glacial origin. There were certain other localities concerning which he reserved 
opinion, and which are now regarded by all parties as requiring further investiga­
tion. So far, then, as the question of the extension of true glacial deposits beyond 
the Belvedere moraine, there is substantial harmony. There remain two points of 
difference: the first respecting the age of the extramorainic drift, and the second 
relating to the connection and correlation of the Trenton gravels. Concerning the 
age of the extramorainic drift, I  think tha t a contribution has also been made to 
the contention that it was much older than the Belvedere morine in the very fact 
that the Professors Wright previously denied its glacial character at such localities 
as High Bridge and Pattenburg, where it is thick and well exposed by railway 
cuttings. The drift of the Belvedere moraine and tha t which lies north of it is 
obviously very fresh and is very distinctly characterized as glacial. I f  the drift 
outside of the moraine had not been very much older and its characteristics had 
not been obscured by its age or by its different method of formation, they could 
hardly be supposed to have failed to recognize its glacial origin; nor could they be 
supposed to have attributed it to residuary origin, because both residuary material 
and residuary topography take on the characteristics of age from their very nature. 
As to the second point, I  venture to express the opinion that Professor G. F. 
Wright’s correlation of the Trenton gravel will prove to be erroneous.
Warren U pham :
On Long island an advance of the ice-sheet six miles south of the outermost 
terminal moraine )s shown by the esker series forming the Manetto and Pine hills, 
and by a second esker a few miles farther east, called the Halfway Hollow hills.* 
These probably represent the same stage of ice-advance as the drift-fringe south of 
the moraine in New Jersey and Pennsylvania. The fully oxidized condition of the 
extramorainic drift seems attributable to its derivation chiefly from preglacial re-
*Am. Jour, of Science, August, 1879.
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sidual clay and alluvium and weathering rock-cliffs, such as are found in the Wis­
consin driftless area and south of the glacial boundary. The smooth contour of 
this outer drift, as compared with the hilly and knolly moraine and mostly quite 
uneven drift-surface from thence northward, seems due to less energetic glacial 
action when the ice-sheet was being accumulated, and reached farther than during 
its recession, when its rapid marginal melting probably gave a much steeper frontal 
slope, with stronger glacial currents. Any slight halt or re-advance of the ice, 
produced by a series of somewhat colder years and heavier snowfall than usual, 
would then be marked by a moraine. Since the moraines seldom are well devel­
oped on the extreme boundary of the drift, it seems better to call them marginal 
or retreatal moraines, rather than terminal, although at the time of its formation 
each was at the receding termination of the ice-sheet.
Frank Leverett:
The explanation and diagram given by Mr Upham to show his conception of 
the origin of the “ fringe ” on Long island does not seem a satisfactory explanation 
for the more western field between the Alleghany mountains and the Missouri 
river. The drift outside the moraine in tha t region bears evidence in the degree 
of surface oxidation and erosion of a  great lapse of time between its deposition and 
the formation of the moraine which seems to be the correlative of the Long Island 
moraine.
W  J M cGee:
The excellent communication by Professor A. A. Wright is an especially gratify­
ing presentation of facts and inferences relating to the region described. As is 
well known to the Society, the phenomena of the region has given rise to certain 
differences of opinion, and diverse opinions have been expressed a t earlier meet­
ings, notably the last summer meeting at Rochester.
Even before the institution of this Society certain superficial deposits of northern 
New Jersey, specifically those flanking Delaware river, were correlated with the 
early Pleistocene Columbia formation, and from the sum of the phenomena of this 
formation the existence of ancient glacial deposits in or not far north of the region 
was inferred, though the ice-laid deposits were not actually observed. Subse­
quently a detailed official survey of the region was undertaken by Professor R. D. 
Salisbury, under the joint auspices of the United States Geological Survey and the 
State Survey of New Jersey, and a t the summer meeting of the Society in Wash­
ington (in 1891) Professor Salisbury announced the discovery of old glacial deposits 
many miles outside of the terminal moraine at different points in  northern New 
Jersey. Later studies by the same geologist, in some of which I  had the pleasure 
of participating, resulted in  the discovery of other remnants which were inferred 
to represent a once continuous drift-sheet long antedating the moraine-fringed 
drift and grading into the Columbia formation. At the Rochester meeting, how­
ever, a different interpretation was placed on the phenomena, which were in part 
ascribed to local causes such as soil-cap movement, and in part described as that 
shadowy omnibus for the unknown, called the “ fringe,” and this despite the con­
tention of skilled geologists familiar with the phenomena. Accordingly the sub­
stantial adoption of Professor Salisbury’s main contention is especially gratifying. 
I t  is none the less gratifying that Professor W right goes even further in his inter-
I I I —Bum.. irRor,. Soc. Am., Vor,. 5,1893.
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pretations than Professor Salisbury in seeking to lay down a definite boundary for 
th is  earlier drift.
The author does not, indeed, recognize, w ith Professor Salisbury and others, 
the full import of the evidence of diversity in age of the two drifts, but his excel­
len t description of the phenomena clearly indicates the topographic distinction 
between the areas of older and newer drift, and show tha t the former must have 
been much longer subjected to erosion than the latter.
I t  seems to me that one of Professor W right’s inferences is open to grave ques­
tion. He argues, from the local origin of the materials of the older drift, that the 
ice-sheet by which it was deposited was th in  and feeble. Now, there seem to be 
good reasons for holding that a th in  and feebly acting ice-sheet would not attack 
the local surface with sufficient energy to produce abundant local débris, and this 
view is in accord with the glacial phenomena of the Mississippi basin, where, in 
the region in which the ice-sheet is known to have been th in  and of moderate 
activity, the drift is predominantly erratic, sometimes indeed containing very little 
local material.
These are questions, however, of minor importance ; the highly gratifying fact 
remains th a t Professor W right’s conclusions are in  substantial accord with the 
work of other geologists in the same region and in other parts of the United States.
S e s s io n  o f  T u e s d a y  E v e n in g , A u g u st  15
The Society was called to order at 8 p m, in the Assembly Chamber of 
the Capitol, and a lecture illustrated by lantern views was delivered on—
T H E  G RAV ELS O F G LA C IER  B A Y , A LA SK A
BY HARRY FIELDING REID /
S e s s io n  o f  W e d n e s d a y  M o r n in g , A u g u st  16
Vice-President Chamberlin called the Society to order at 9 o’clock, 
and announced the titles of three papers which had been handed in  
since the printing of the program. 
The Secretary read a communication from Mr G. K. Gilbert, giving 
reasons for a proposed change in the constitution which would permit 
the election of active Fellows outside of North America. The Secretary 
announced and commented upon other changes in the constitution and 
the by-laws which would be submitted, with the recommendation of the 
Council, to the Society for action at the winter meeting. 
A letter was read from Professor G. H. Williams, inviting the 'Society 
to meet in Baltimore for its winter meeting of 1894. 
The reading of scientific papers was declared in order ; Vice-President 
Stevenson being called to the chair.
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The first paper read was—
T E R R E S T R IA L  SU BM ERGENCE SOUTHEAST O F T H E  A M E R IC A N  CO NTIN EN T
BY J . W. SPENCER 
[Abstract]
Only an abstract of the paper is offered to the Society for publication, as the 
author proposes further investigations before writing on several questions closely 
related to the principal phenomena bearing upon the problem. This paper is a 
sequel to “ High Continental Elevation preceding the Pleistocene Period,” read 
before the Society August, 1889. At that time, epeirogenic movements of 3,000 
feet seemed the limit of acceptability, although terrestrial elevation of probably 
short duration was shown to have reached from 4,500 to 6,000 feet along the conti­
nental margins, off the gulfs of Saint Lawrence and Maine and the mouth of the 
Mississippi river.
Recent studies of the valleys among the southern Appalachian mountains, of the 
adjacent Paleozoic table-lands, and of the Cretaceous and Tertiary plains of the south­
eastern states have convinced the author that the valleys, whether narrow or a score 
of miles or more in  width, have been directly produced by atmospheric agents and 
by the erosion of a multiplicity of streams operating during the long periods neces­
sary for the decomposition and removal of limestones. Some idea of the length of 
these periods is obtained when we find that from 100 to 200 feet of residual sandy 
clays have been left after the removal of the calcareous matter from the impure 
limestones. These southern valleys are independent of the mountain movements, 
in so far th a t they are not troughs of folds but anticlinal valleys. Even a t the water­
sheds between streams flowing in  opposite directions, the width and depth of the 
valleys are as often great as that between Lookout and Wills creeks or those along 
the Coosa and Tennessee rivers, where they are from 4 to 20 miles wide.
The valleys and channels among the greater Antilles and between them and the 
continent are an exact reproduction of the land valleys of the south. On a larger 
scale, the Laurentian valley, holding the Great Lakes, is another example, but this 
has been recently obstructed by the tilting of the earth’s crust toward the north 
and east—the warping movement increasing from zero to two, four, six and prob­
ably even ten feet per mile. From the close analogy cited, the author concludes that 
both the land and the submerged Antillean valleys were of common subaerial origin.
Of the submerged valleys and channels there are two classes—those cutting across 
the continental shelf and others parallel to the mountain ridges. Of the former 
class, the fjord of the Mississippi river reaches to 4,500 feet in the upper platform 
and in  the lower shelf to a depth of 8,000 feet. Cochinos bay, south of Cuba, is 
one of the most remarkable flords, being 3,738 feet deep near the head of the bay 
and increasing in depth to 11,400 feet, with land on one side and shallow water on 
the other. The Yucatan fjord, entirely submerged, increases from a depth of 4,500 
feet to 10,000 feet. The Bahamian fjord on the Atlantic margin of the continent is
12,000 feet deep. Scores of other examples can be cited, as in  Jamaica, Haiti, 
adjacent to the Virgin islands, etc. (See accompanying map.)
Of the valleys parallel with the trend of the islands, there may be cited the 
Haitian channel, more than 500 miles long and reaching to a depth of 14,000 feet. 
Another example is seen in  the channels between Haiti and Cuba, which descend
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until, as in the case of Bartlett deep, south of Cuba, the extreme depth of over
20,000 feet is reached. All of these valleys are joined by numerous tributaries.
Such channels as the straits of Florida are only the junctions of valleys trending 
in opposite directions, even the common watershed of which is submerged. While 
the author regards all of these submerged valleys as originally terrestrial, yet he 
accedes to any hypothesis that may call for their enlargement by marine currents, 
which, however, do not appear to be scouring agents below the rims of the sub­
merged basins; as, for example, the valley extensions of the Floridian straits, 
below the depth of water in its shallowest portions (about 2,000 feet), which have 
not been materially affected by the marine currents. This hypothesis is supported 
by temperature soundings.
The submergence indicated by the channels means great epeirogenic or extensive 
continental land-movements. The oldest formations of Cuba, Haiti, Trinidad, 
Barbados, etc, appear to be no older than the Cretaceous period. The oldest sedi­
ments are shales, sandstones and conglomerates (even a t the base of the group in 
Santo Domingo) showing former continental connections, which would demand the 
enormous changes of level at an earlier period than tha t of which this paper treats. 
W ith this connection or the mountain-building p f  the early Tertiary, or even tha t 
after the Miocene period, the author is not concerned, but with those quieter ex­
tensive regional or epeirogenic movements which have slowly submerged great 
areas without obliterating the former land topography. The time of greatest 
land development was probably after the Pliocene period, if, according to McGee, 
we regard the Lafayette formation of tha t age. Into the discussion of the exact 
age, however, we cannot enter until further investigation. For the present, let 
us say th a t this great continental extension was since the later Tertiary times and 
was followed by movements in both directions, for modern deposits have been 
lifted to considerable elevations on the islands. This late continental elevation is 
not disproved by biologic evidence, but rather sustained. The drainage of this 
extensive land area was largely into the Pacific, or its embayments extending across 
portions of Central America and Mexico and indenting the western coast of the 
Antillean lands. The watershed between the Atlantic and Pacific drainage is still 
represented by the mountains of Cuba, Haiti and the Windward islands. They 
are situated near the Atlantic border of the continent, just as are the Appalachians 
of the southern states.
The closing of the western drainage involves recent tilting or regional uplifts 
forming the western rims of the Mexican and Caribbean basins. Similar move­
ments have been demonstrated by the author in connection with the barriers of 
the Laurentian valley now' producing the Great Lakes, which have been obstructed 
by the land rising along an axis transverse to that of the outlet of the old valley.
W hat has been the recent mean depression of the Antillean continental exten­
sion? From the depths of the fjords cutting through the continental plateau a 
subsidence of from 8,000 to 12,000 or possibly 14,000 feet is apparent; but probably 
this epeirogenic movement was not originally uniform, or, if so, it has been partly 
deformed by more recent movements, so that the author regards the 20,000-foot 
abyss (Bartlett deep), just south of Cuba, and even part of the Haitian channel 
north of that island, as partly due to a downward local warping of the deeper 
portions of the valleys. In  the case of the Bartlett deep a basin has been produced. 
This great continental depression diminished to the north, so that the .southern 
states have only been partly submerged. The present elevation of Central America 
represents complex movements.
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A consideration of the continental elevation and its effect on the erosion of the 
valleys; the differential depression of the land which followed the elevation; the 
different epochs of variable movement; the biologic evidence noted, and other 
questions are portions of the study an advance notice of which is here recorded- 
To Messrs Jukes-Brown and Harrison, whose discoveries of oceanic deposits in 
Barbados were accepted by themselves and others as evidence of an upward move­
ment of 2,000 fathoms and more, the author owes much encouragement in ventur­
ing, without precedence in this country, to bring before this Society evidence of 
epeirogenic movements (apart from orogenic) in very recent geologic times, amount­
ing to two and a half miles of vertical subsidence of great land areas, thus proving 
the mobility of the earth’s crust, although no explanation can be suggested at 
present to account for such stupendous movements.
Remarks upon this paper were made as follow s: 
W. P. B lak e:
The extremely interesting paper of Mr. Spencer gives me an opportunity to 
mention some unpublished observations which are pertinent to the subject. In  
following the footsteps of Columbus in the island of Santo Domingo, I  crossed the 
line of what appeared to be a remnant of an ancient marginal corralline limestone 
reef at an altitude of about 2,000 feet above the sea. There was no opportunity 
for extended examination, but it greatly resembled the corralline limestone terrace 
of post-Pliocene or modern age which borders this and some of the other West 
India islands at the sea-level or a little above it. The occurrence was so startling 
in its evidence of a recent elevation of the island as to cause me to refrain from 
accepting its full significance; but in the light of further evidence I  am now in­
clined to accept it as proof of a modern uplift and, of course, a former depression, 
thus showing an oscillatory movement.
The marginal limestone, as is well known, is but little raised above the sea-level, 
and has long been exposed to aerial decomposition, by which it has become covered 
with a thick red soil.
W J McGee:
Both the author and the Society are to be congratulated on a paper of this char­
acter, dealing as it does with the outlying phenomena of our continent, by which 
alone its relations to other lands may be traced. I t  has long been recognized that 
the great system of islands lying off the Florida coast simulate the peaks and 
crests of a mountainous land, and it has been inferred by different geologists that 
the apparent condition is the real one, and that these islands are the monuments 
of a drowned continent. This inference is greatly strengthened by Doctor Spen­
cer’s recognition of rain-fashioned slopes and river-carved valleys in the deeps 
between the island-tipped mountains. Hitherto the profound crustal movement 
indicated by these phenomena has not been correlated with the lesser crustal 
movements of the North American mainland, and Doctor Spencer’s provisional 
correlations are accordingly of exceptional interest and value.
While, as the author has shown, the general configuration of the island region 
suggests geologic youth, there appears to be some reasons for questioning whether 
the profounder movements were not considerably more remote. Inspection of the 
relief map giving submarine configuration shows that the Bahamas and neighbor­
ing islands are bordered by submarine terraces, or, perhaps more properly, flanked
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by a broad, submerged plain surrounding them and their neighbors and merging 
with the submarine plain flanking the Atlantic and Gulf coasts of the m ainland; 
and the plain circumscribing the islands is nearly as broad and continuous as that 
skirting the continent. Thus the submarine configuration would seem to connect 
and bind into unity the island-continent and the mainland. Now the age of the 
portion of this plain skirting the mainland is known, and it is significant that the 
plain does not represent a single episode or period, but has been in continuous 
process of accumulation since the beginning of the Cretaceous, if not the end of 
the Triassic; and it may accordingly be questioned whether the submarine shelf 
circumscribing the islands does not indicate equal antiquity, the somewhat greater 
w idth of the shelf along the American shore being counterbalanced by the greater 
w idth of tributary land area. This would carry the profound movement of the 
Bahaman region back to a period of profound movement in the mainland, indeed 
to the birthdate of our southeastern province and the drowning of the older land 
whence the Appalachian sediments came.
Warren U pham :
Concerning the time of erosion of the submarine valleys on our Atlantic coastal 
slope, it is especially noteworthy that they are cut in a descending plain of Tertiary 
and underlying Cretaceous beds; and the same condition is also known, by Mr J. 
Y. Buchanan’s description, for the Congo valley or canyon cut in  the submerged 
Tertiary border slope of the African continental plateau. In both regions the high 
epeirogenic uplift and accompanying stream erosion were evidently of late Tertiary 
and Quaternary age. I f  any long time had passed since the subsidence of the 
African continent, the muddy Congo waters must have filled both the very deep 
lower part of that river and the continuation of its valley offshore. Such great 
crustal oscillations in high latitudes, lifting the lands now overspread by the glacial 
drift, seem to me to have been probably the chief cause of the accumulation of 
their ice-sheets.
C. D. Walcott:
The sediments deposited in the Appalachian sea during earlier Paleozoic time 
were largely derived from an elevated land area to the eastward, and it is probable 
that this area furnished sediments throughout Paleozoic time and was several times 
eroded to base-level and in  turn elevated to supply additional mechanical sedi­
ments to the Appalachian sea. The extent of this elevation is unknown, but it 
must have been considerable. When the final depression of the Atlantic coast 
area took place, it appears to have been largely on the line of the fault forming the  
“ fall-line” between the Coastal plain and the Piedmont plateau region.
While it is evident that there has been a most extensive elevation of the south­
eastern portion of the continent, there is no proof that the continent as a whole 
has ever been correspondingly depressed beneath the ocean’s water. Nowhere on 
the surface of the continent have deposits characteristic of the deep sea been dis­
covered. On the contrary, all of the sedimentary rocks were deposited in interior 
or marginal seas within the limits of the continental plateau; also it is not in evi­
dence that the relative position of the deep sea and the continental plateau has 
changed since Algonkian time.
Mr Spencer’s contribution to the subject of the epeirogenic movements of the 
continent is a most interesting and valuable one, and I  shall look forward with 
great interest to the publication of his memoir.
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The following paper was then read :
2 3
EV ID EN CES OF T H E  D E R IV A T IO N  OF T H E  KAM ES, ESK ERS AND M ORAINES OF 
T H E  NORTH A M ERIC AN  IC E -S H E E T  C H IE F L Y  FROM  ITS EN G LACIA L D R IF T
BY WARREN UPHAM
This paper is printed in succeeding pages of this volume, and the 
discussion by T. C. Chamberlin, Frank Leverett and H . F. Reid accom­
panies it.
The Acting President made sotne announcements and declared the 
meeting adjourned for the noon recess.
S e s s io n  o f  W e d n e s d a y  A f t e r n o o n , A u g u st  16
Vice-President Stevenson in the chair. Meeting called to order at 2 
o’clock.
The Editor, Mr J. Stanley-Brown, stated that the undistributed bro­
chures of volume 4 were printed and ready for mailing, except the pro­
ceedings of the Ottawa meeting which were in  print and nearly ready 
for the members.
Upon motion of Professor I. C. Russell, it was voted that the special 
committee on the communication from the Alpine Club be increased by 
adding to the committee H. F. Reid and R. D. Salisbury.
It was moved by Professor I. C. Russell, and voted, that a committee 
of three be appointed to take into consideration the matter of making 
the Mount Ranier Pacific Forest Reserve a national reserve, and the 
committee was given power to memorialize Congress, or take other 
measures as they deemed advisable. The following Fellows were elected 
as such committee: David T. Day, S. F. Emmons and Bailey W illis.
The first paper of the afternoon session was entitled :
T H E  SUCCESSION OF PLEISTO C EN E FORM ATIONS IN  T H E  M ISSISSIPPI AND
NELSON R IV E R  BASINS
BY WARREN UPHAM
This paper is printed in the succeeding pages of this volume, and the 
discussion by W J McGee, J. W. Spencer, R. D. Salisbury and T. C. 
Chamberlin accompanies it.
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Vice-President Chamberlin assumed the chair, and the next paper w a s:
CENOZOIC H ISTO RY  OF E A STER N  V IR G IN IA  AND M ARYLAND 
BY N. H. DAHTON
This paper was not offered for publication. Remarks upon it were 
made by W J McGee, J. A. Holmes and R. D. Salisbury as follows: 
Mr M cGee:
Mr Darton’s paper is an important contribution to knowledge of coastal plain 
geology. Despite the presumptive unity of the Columbia formation, certain diver­
sities have been recognized since it was first discriminated, and in the original de­
scription two phases, designated respectively the “ fluvial” phase and the “ inter­
fluvial” phase, were characterized. I t  has long been recognized, too, that the 
topographic configuration of the phases is dissimilar, the high-level or interfluvial 
phase displaying topographic adolescence or maturity, while the low-level or fluvial 
phase is so nearly free from subaerial structure as to stand for topographic youth. 
This diversity was tentatively and hypothetically explained as the result of unequal 
altitude above base-level; but, in view of the recent observations, the tentative 
explanation seems less probable than before. Perhaps the most significant of Mr 
Darton’s conclusions is tha t relating to the inequality in  coastal warping during 
the respective periods of depression which he has described. This may perhaps 
be regarded as the most nearly conclusive line of evidence of genetic bipartition of 
the Columbia formation.
Should Mr Darton’s tentative division of the Columbia formation be supported 
by later work in other portions of the Coastal plain, especially in  New Jersey, it 
will of course become necessary to modify the original nomenclature, perhaps by 
retaining the old name for one division and applying a new term to the other, 
possibly by abandoning the term Columbia and giving distinctive names to the 
different deposits. This is, however, a m atter for the fu tu re; the application of 
the name Columbia served as a milestone marking progress in geologic research in 
the Coastal p lain ; but when the important vicissitudes in continental evolution 
for which it stood are generally recognized and come to be more clearly pictured, 
perhaps the occasion for preserving the monument will disappear.
Professor Salisbury:
I  am interested to observe the twofold divisions of the Columbia formation, 
which Mr Barton has clearly brought out. I  am glad to say, also, that north of 
Mr Darton’s territory, in New Jersey, a twofold division of the Columbia seems 
to exist. These divisions will perhaps be found to correspond to his “ high-level ” 
and “ low-level” phases. [ think it may prove to be necessary to separate these 
two divisions of the Columbia, and to assign to one portion a new name, though 
we perhaps know too little of their genetic and chronologic relations to make 
this subdivision advisable a t present. Evidence is accumulating in New Jersey 
which seems to point to the separation of the later from the earlier Columbia by a 
considerable time-interval, accompanied by considerable orographic movements- 
This statement is made on the supposition that the reference of beds to the Co. 
lumbia has been correct. I  am sure we have not made this formation include 
more than has been included in it further south.
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The following paper was presented inform ally:
THE GEOLOGICAL EXHIBITS AT THE WORLD’S COLUMBIAN EXPOSITION 
BY 6 . H. WILLIAMS
Vice-President Chamberlin announced the purpose and proposed pro­
gram of the World’s Congress of Geology to be held in Chicago August 
21- 26. 
The following paper was then read:
WISCONSIN LEAD AND ZINC DEPOSITS 
BY WILLIAM P. BLAKE
Contents
Page
In troduction ...............................................................................................................................................................  25
Review of re cen t and  form er Investiga tions.................................................................................................  25
R elation of D eform ation to D eposition of O re...............................................................................................  27
Position of A ccum ulations of Ore................................................................................................................ 27
Exam ples of F au ltin g .......................................................................................................................... ..........  27
Localization of m ineral Deposits by  F a u lts ............................................................................................. 28
R elation of th e  Oil-rock to the  Ore-deposits................................................................................... ».............  28
Evidences of D eform ation ...................................................................................................................................  29
Crevices................................................................................................................................................................ 29
“ B arren  B ars” ..................................................................................................................................................  29
Relation of the  D riftless Area to the  O re-deposits.......................................................................................  29
General D istribution  of Zinc in  Sea-water in  S ilurian T im e ..................................................................... 30
C onclusions................................................................................................................................................................ 31
D iscu ssio n ............................... ..................................................................................................................................  32
I n t r o d u c t io n .
In  a critical review of the progress of geologic work in Wisconsin, which I  had 
the honor to present last winter to the Wisconsin Academy of Sciences, after giv­
ing in detail the views of Percival, W hitney and Chamberlin upon the existence of 
faults and dislocations of the strata, I  stated my conviction that faults or disloca­
tions do exist, and that they have a direct though perhaps obscure relation to the 
localization of the mineral deposits. I t was then and is now my purpose to main­
tain that Percival’s original observations and explanations of the cause of the well- 
known irregularities in  the position of the strata were correct, and that the true 
path leading to the solution of the problem of the origin of the zinc and lead de­
posits of the Mississippi valley lies in the direction indicated by that gifted man 
rather than in the path marked out by later observers in  the same field.
R e v ie w  o f  r e c e n t  a n d  f o r m e r  I n v e s t ig a t io n s .
The subject, which has special interest to the region in which we meet, derives 
additional interest and importance at this time from the attention it is receiving 
from others. A memoir upon the subject has just been presented to the American 
Institute of Mining Engineers by Professor W. P. Jenney,* and was under discus­
sion in one of the sessions of the Engineering Congress by Arthur Winslow, state
♦T he Lead and Zinc Deposits of the  M ississippi Valley, by  W alter P. Jenney  : T rans. Am. Inst. 
M ining E ngineers , August, 1893, p. 55.
IV —B u l l . Gkol. Soc. Am., Vot,. 5, 1893.
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geologist of Missouri, Professor Raymond and the writer. Professor Jenney finds 
that not only the Wisconsin zinc and lead-bearing strata, but also those of Joplin, 
Missouri, and its vicinity, are extensively faulted and broken, and that these faults 
and breaks following or related to the main axes of uplift have determined the 
position of the metalliferous deposits. He further claims that the metallic deposits 
are formed by ascending solutions, and that in their origin and formation they are 
no exception to the general phenomena of mineral veins. This may be said to be 
a complete reversion to the original view of Percival and to the then generally 
prevalent idea of the deep-seated plutonic origin of the ores of metals.
While in accord with Percival and with Jenney upon the existence of faults and 
dislocations in both Wisconsin and Missouri, I  am not prepared to accept their 
views of the origin of the ores, my own observations confirming, in general, those 
of W hitney and of Chamberlin and his associates upon the last survey of Wis­
consin, and inclining me to the theory of the original distribution of the sulphides 
of lead and of zinc in the substance of the limestone and dolomites at the time of 
their deposition and the subsequent concentration of these sulphides in the fissures 
of the rocks by lateral and downward flow of solutions of the metals rather than 
by the ascent of such solutions from lower strata.
An objection to Percival’s views of a connection between the faults and the 
mineral deposits is found by Professor Chamberlin in the fact, so claimed, that 
the faults specifically mentioned by Percival are not contiguous to mineral deposits. 
I f  this is indeed so, it shows only that faulting is not necessarily in all cases accom­
panied by mineralization. I t  has yet to be shown tha t the mineralized areas are 
not upon or contiguous to lines of faulting or dislocation, and tha t they are so con­
tiguous I  shall endeavor to show in this paper.
Professor Chamberlin* thinks it not a little strange that, though Percival seems 
to have believed that the centers of elevation, which I  understand to mean rather 
lines of disturbance and of break, were indices of agencies influential in the depo­
sition of the ores, he should not have observed tha t none of them are centers of 
ore-deposits. He thinks Doctor Percival’s observations do not show close connec­
tion or clear relation between elevations and ore-deposits, but rather the contrary.
Professor Chamberlin admits the existence of disturbed or flexed strata in  the 
lead region. He calls them “ local flexures,” and refers them to unevenness in 
the original deposition of the strata, and does not find the deposits of ore to be 
coincident in place with the convexities of the beds and rocks, but does find the 
ore-deposits in the depressed areas. He asks “ but  if  the deposits are not upon 
the swells of the strata are they in the sags ? ” f  and answers this by citing an in­
stance of such an occurrence at Dutch Hollow, where the mineral ranges lie within 
a trough or syncline the flanks of which have a dip of 15°. The rock in the axis 
is brecciated and the ores deposited in the brecciated mass form a true stockwork. 
Professor Chamberlint cites this as a “ marked instance of productiveness along 
an axis of depression, and of barrenness along that of elevation.”
A notable arching of the beds is noted as lying south of the Potosi district, and 
the conclusion is stated that the Potosi diggings lie in a stcatigraphic basin. The 
Trenton limestone seems to thin out and the Saint Peter’s sandstone rises rapidly, 
and he finds the phenomena consonant with his view that the undulations had 
their beginnings in submarine inequalities, and he cites where ore-deposits appear 
to occupy synclinal depressions rather than anticlines, and he arrived a t the con-
♦Geology of W isconsin, vol. iv, p. 429. 
fO p . cit., p. 432.
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elusion that “ the ore-deposits usually, possibly not universally, occupy depressions 
in  the strata.” *
R e l a t io n  o f  D e f o r m a t io n  to  D e p o s it io n  o f  O r e .
Position of Accumulations of Ore.—According to the generally accepted view of the 
accumulation of the ores by lateral secretion or leaching, it is not strange that the 
heavier deposits are found in the depressions where we should expect them to be, 
but it is not clear to me in the cases cited that the flexing of the beds, the synclines 
and anticlines, are due only to the original inequalities in the i>cean floor and are 
not accompanied by any fracturing or displacements. Do we not have in the 
broken, brecciated beds evidence of disruption; and is it clear tha t in all cases 
these depressions are not monoclines ending in  faults? We may also ask whether 
we do not find the simplest explanation of the inequalities of the strata to be that 
they have been subjected to uplifts and downthrows occurring in all the ages from 
early Silurian time onward ? A line of break and movement once established at 
an early period would no doubt be perpetuated in succeeding formations, and would 
explain many of the observed phenomena of thinning out locally of some of the 
strata and their want of horizontal continuity.
Examples of Faulting.—A. few examples which have fallen under my observation 
may here be cited.
In  addition to two or more abrupt transitions visible horizontally in the levels 
of the Helena m inef from the horizon of the quarry-rock and oil-rock of the 
upper Trenton limestone to the lead and zinc-bearing beds of the Galena dolo­
mites, we have a fine example of a dislocation, open to the surface, about a 
quarter of a mile west of the Helena mine, in  the left bank of the Shullsburg 
creek, just east of the line of New Diggings township. At that point there is a fine 
exposure of the Trenton limestone—the “ quarry-rock”—in a bluff rising abruptly 
from the water to a height of from 10 to 20 feet. The strata, which appear to dip 
westward, rise gently eastward as far as a little dell or ravine descending from the 
southward, where the limestones disappear from view. On the other side of this 
ravine about 100 feet away a tunnel driven in at the creek level passes into the 
coarsegrained Galena dolomites and gives access to a long stretch of zinc and lead- 
bearing ground trending southeasterly, following crevices known to the miners as 
“ 10 o’clocks,” being nearly at right angles with the general northeasterly trend of 
the main ore-bearing crevices of the Helena mine and parallel with two other 
known northwesterly crevices.
Beyond this tunnel to the east the Trenton limestone is again found. I t  would 
thus appear that a block of Galena dolomite has here dropped below the horizon 
of the Trenton on each side of it. The displacement is not very great, but it ap­
pears to be a veritable fault, or a compound fault, accompanied by heavy mineral­
ization of the Galena dolomites. I t  occurs so abruptly and within such a limited 
distance as to preclude the idea of a flexure of the beds.
Examples of evident dislocation might be multiplied, but one instance such as 
here cited will, I  think, suffice to establish the fact th a t disturbances of relative 
level do exist, J and in direct connection with mineral deposits.
* Op. c it., p. 438.
fO n e  of th e  p roperties of th e  W isconsin Lead and  Zinc Company a nd  s itua ted  three, m iles w est 
of S hn llsburg  on S hu 'lsbu rg  creek .
i  T he re cen t paper, Some dynam ic Phenom ena shown by the  Baraboo quartz ite  R anges of cen­
tra l W isconsin, by C. R. Van H ise : The Journal of Geology, vol. i, no. 4, 1803, p. 347, has a bearing  
upon th e  questions a t issue.
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Localization of mineral Deposits by Faults.—In explaining the localization of deposits 
by faults it is not necessary to suppose tha t the openings gave vent to mineral solu­
tions. A simpler explanation suffices, and the phenomena are better explained upon 
the hypothesis that such linear breaks in the ocean-bed gave an outlet to fresh 
water in large volumes from such a source as the Potsdam sandstone, or to carbu­
reted hydrogen gases or sulphureted hydrogen, either of which would destroy 
marine life and cause the accumulation of its remains in the sediments. Either 
sulphureted gases or carbureted hydrogen would act directly upon sea water and 
cause the precipitation of mineral sulphides, while the decomposing animal remains 
would continue this reduction and cause the accumulation of pyritic ores in the 
mass of the sediments in the vicinity of the faults.
The hypothesis of the precipitation of metallic sulphides from sea-water by the 
gases arising from decomposing animal and vegetable organisms was proposed by 
Professor Whitney, but he did not entertain the idea of the source of such or other 
precipitating gases in the faults, or of the possible destruction of organisms near 
the faulting planes. The accumulation of such organisms near the faulting planes 
would explain the localization of the mineral deposits if the precipitation of the 
ores was dependent upon animal and vegetable decomposition.
The phenomena of deposition of the sediments toward the close of the period of 
the Trenton blue limestone are significant of a sudden incursion of muddy water 
accompanied by petroleum. Although the upper layers of limestone are more 
thinly bedded than the lower, so much so that they readily break up into tabular 
masses and th in  plates or flags, the rock retains its composition and dense homo­
geneous character. The remains of shells, however, become more numerous and 
the surfaces of the flags are marked by very thin, shaly partings and many pro­
tuberances, consisting largely of the remains of brachiopods.
R e l a t io n  o f  t h e  O i l - r o c k  to  t h e  O r e -d e p o s it s .
In  the so-called “ oil-rock ” of the Shullsburg region we have ample direct evi­
dence of the sudden formation of hydrocarbons, and it does not appear tha t the 
significance of this occurrence in connection with the mineral deposits has received 
the amount of attention it deserves in any attempt to explain the phenomena of 
the deposition of the lead and zinc ores. Professor Chamberlin has, however, 
indicated the possible functions of the carbonaceous layers of the Trenton lime­
stone in causing the deposition of blende in the shale, and apparently after the 
formation of the shale, the disseminated grains of blende, known to the miners as 
“ speckle jack,” being found between the th in  layers of the shale in such a way as 
to indicate this.*
This oil-rock is a true petroleum shale. A considerable quantity of thick petro­
leum can be distilled from it, even after it has been exposed to the weather for 
years. I t  does not occur in quantity, but is generally in very thin layers not much 
thicker than card-board or blotting-paper and film-like dividing layers of compact 
and highly fossiliferous' limestone, but it sometimes attains a  thickness of several 
inches and is in several layers separated by limestone full of fossils. The color is 
chocolate-brown, and is in strong contrast with the limestone, especially when 
wet, by which the color is much darkened. I t  appears to have been suddenly 
formed, the line between it and the limestone is sharp and distinct, and its posi-
♦Geology ©f W inconsin, vol. iv, p. 546. T here  are num erous exam ples of th is  in th e  Shullsburg 
region. Som etim es ex tensive w orkable beds a re  found, and the m ass appears to have been form ed 
together. The b lende is often rosettes  or crystalline  nodules—“ straw berry  ” or “ b lackberry  ja ck .”
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tion in the midst of great masses of fossils indicates that a sudden incursion of 
hydrocarbons was the cause of the death of the organisms.
The petroleum shale appears to be calcareous rather than argillaceous. Diges­
tion in acids causes much effervescence, and leaves a brown spongy mass, which 
burns freely when dry. The fossil shells entombed in  the shale are generally well 
preserved and are sometimes silicified.
Analyses of this rock show, as would be expected, a  wide difference in the 
amounts of earthy and of volatile constituents in different specimens.
In  the mines of the Shullsburg region this “ oil-rock” is regarded as marking 
the lowest horizon of workable deposits of blende. I t appears to be the floor of 
the heaviest zinc deposits upon which the sulphides are spread out in sheets and 
masses as if  the shale were both impervious to the solutions and at the same time 
favorable to the deposition of zinc ore in the more porous upper portions. I t  is 
easy to believe that this floor of petroleum shale has acted as a reducing agent 
upon zinc and iron solutions, while retaining them by its impervious nature. The 
so-called “ brown rock ” and the “ green rock ” are believed to be modified forms 
of this oily deposit, where it  is more ferruginous and clay-like and attains a greater 
development. I t marks distinctly the horizon of the top of the Trenton limestone 
proper, the “ quarry-rock” underlying the Galena dolomite. I t  is thus a t the 
base of the chief mineral-bearing strata, and though there are instances of layers of 
blende occurring below this petroleum shale, they are regarded as exceptional.
E v id e n c e s  o f  D e f o r m a t io n .
Crevices.—The rectilinear and geometric arrangement of the mineral-bearing 
crevices, their parallelism, right-angled intersections, and their great length as 
compared with their breadth, are certainly evidences of some general and compre­
hensive cause of the fracturing. We are reminded of the experimental demonstra­
tions of Daubree in the torsion, to the shattering point, of the sheets of plate-glass, 
and find in the homogeneous vitreous limestones of the Trenton, known as the 
“ glass-rock,” the bed-rock of the lead region,” a material which very closely sat­
isfies the conditions of those experiments.
In  a region so cut up by vertical fracture planes it would be surprising if some of 
the blocks were not displaced; we, indeed, cannot conceive of the possibility of all 
the blocks retaining absolutely their original horizon plane, especially where a 
flexed structure with its attendant strains coexisted.
“Barren Bars.”—Another evidence of dislocation may be found in the generally 
observed phenomena of walls of hard unmineralized rock, known to the miners as 
“ barren bars,” which bound mining operations on one side like straight walls. 
The formation on the one hand will be open, porous and mineral-bearing, often 
“ picking-ground” of tlie miner, while on the other a different rock forms a hard, 
unyielding, dense, barren wall, which cannot be broken without powder. These 
bars are often narrow arid separate contiguous mineral-bearing strata. Examina­
tion of such bars I  am convinced will show vertical displacements by which strata 
of different horizons are brought into juxtaposition horizontally.
R e l a t io n  o f  t i i e  D r if t l e s s  A r e a  t o  t ii e  O r e -d e p o s it s .
In any attempt to explain the origin of the mineral deposits we must not omit 
reference to the fact that the lead and the zinc region is approximately tha t of no
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glaciation, the deposits being confined to the driftless area. W hile the glaciers swept 
southward on either side, the lead region escaped and has since early geologic time 
been subject to atmospheric influences. As a result, there is a great accumulation 
of decomposed rock in  place in an highly oxidized condition. That these products 
of decomposition ha;ve been leached by surface waters there can be no question, 
and we may regard a portion at least of the upper mineral deposits as derived from 
a considerable thickness of formerly overlying rocks, now concentrated in the re­
siduum of their decay or redeposited in the crevices and cavities of lower strata. 
The formerly overlying shales of the Hudson river or Cincinnati period of which 
we now have remnants only in  the mounds along the southern margin of the zinc 
and lead region, may have been, in part a t least, the original depository of diffused 
sulphides of zinc and iron. Such sulphides by long exposure to oxidizing condi­
tions by the percolation of atmospheric water before and during the glacial period 
would form soluble sulphates which by contact with the underlying limestones or 
dolomites would be reprecipitated as carbonates, or, possibly, if  brought in contact 
with active deoxidizing conditions, as sulphides.
Conditions similar to these hypothetical conditions are found a t ancient Laurium, 
where, according to M. Huet,* deposits of zinc ore penetrate limestone strata below 
overlying schists. Interesting cross-sections of these deposits are given by Huet 
and are cited by Daubrée.f
Professor A. H. Winchell has suggested J that the sulphide ores of the Wisconsin 
lead region have been derived from formations formerly overlying the Trenton 
even as high in the series as the Cretaceous, which he believes once covered the 
lead region and have been swept away. He thinks that the ores were deposited 
from the ocean in the Cretaceous age and found their way downward through the 
strata to their present horizon.
The existence of the ores in the driftless area and their absence in the same rocks 
beyond is good evidence of their superficial rather than deep-seated origin ; that 
they have accumulated from above downward rather than from below upward, and 
tha t these ores were diffused in the mass of the preëxisting rocks. I f  the ores 
had been formed by the upward flow of solutions depositing the ir metallic sul­
phides along the walls of the fissures and crevices we should expect to find the 
roots of the deposits, so to speak, in  the glaciated strata.
G e n e r a l  D is t r ib u t io n  o p  Z in c  in  S e a -w a t e r  i n  S i l u r ia n  T i m e .
I t  does not appear necessary to invoke the aid o f favoring currents of sea-water 
specially charged with metallic solutions, or the derivation of such solutions from 
remote and more favored shores, to enable us to accept the idea of the derivation 
of the zinc and lead ores from the ocean.
The fact that the older limestones and dolomites of both America and Europe, 
and probably, we may say, of the world, appear to be the special repositories of 
zinc and lead is evidence of a world-wide and not local distribution of the salts of 
zinc and of lead at tha t time. We find a series of remarkable workable deposits 
of zinc ore in the Appalachians stretching at intervals from northern New Jersey 
into Pennsylvania, Virginia and Tennessee. These deposits are either in the lime­
* H uet : M ém oire de la Société des ingénieurs civils, 1878-188G. 
t  Daubrée : Les E aux  Souterraine*, vol. iii» pp. 104-10G. 
î  Iron Ores of M innesota, p. 153.
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stones of the Trenton period or in close association with them. To the zinc and 
lead regions of Wisconsin and Missouri we may add those of Arkansas and of 
New Mexico, these last, a t least, being in Silurian limestones.
The zinc ores of Tennessee are found for the most part in the lower beds of 
Trenton limestone or just below them in the magnesian limestones. The zinc ores 
of Claiborne, Tennessee, occur at intervals for 12 or 15 miles along a great anticlinal 
fold of thé limestones.* The zinc deposits of Bald hill, on Powell river, Tennessee, 
are in a dark-colored fetid limestonef of Lower Silurian or upper Cambrian age.
In  Europe, according to Burat, the ores of zinc used at the celebrated zinc smelt­
ing works of Belgium are obtained chiefly from dolomitic Silurian limestones, but 
Daubrée in his résumé of the discussion of the action of mineralized waters in the 
formation of masses of zinc ore indicates a much more general vertical range, for he 
says, in substance, notwithstanding local differences the deposits of calamine pre­
sent striking analogies altogether independent of the age of the beds in which they 
are spread, whether Cretaceous, as in Spain ; Triassic in Upper Silesia, the Duchy 
of Baden and central France ; Carboniferous in Belgium and England ; Devonian 
in some parts of Belgium, Prussia and Westphalia, or in Silurian, as in Sardinia.
In  the western portion of the United States some of the more remarkable large 
bodies of zinc and lead ores, generally argentiferous, are either in or are closely 
associated with the older limestones. This, it is thought, is good evidence in 
favor of the contemporaneous origin of the sulphides of the metals with the mass 
of the rocks in which we now find them, and consequently tha t they, like the 
sediments, were derived from sea-water or were at least distributed by sea-water, 
the chemical conditions then favoring the precipitation more than before or since.
C o n c l u s io n s .
The chief points to which I  desire to direct especial attention by this paper are :
1. That faults and dislocations exist in the Wisconsin lead and zinc region, and 
that these faults have a direct, though obscure, relation to the localization of the 
mineral deposits, as claimed by Percival.
2. That although it is not probable that the faulting planes gave vent to mineral 
solutions from below, they probably permitted the outflow of fresh water or of 
gases which acted upon the sea-water as précipitants of the metals and also as 
destroyers of the animal and vegetable life in their vicinity, by the decomposition 
of which organisms the accumulation of metallic sulphides in the rocks was pro­
moted and to some extent localized.
3. That the significance of the thin oil-bearing shales at the top of the compact 
limestones of the Trenton period and at the base of the Galena dolomites has not 
been sufficiently recognized. These shales are rich in petroleum, and give evidence 
of sudden formation and of the attendant destruction of organic life. This “ oil- 
rock ” is at the base of most of the zinc deposits, and appears to have acted both 
as a retentive substratum, or floor of deposition, of blende and as a source of deoxi­
dizing and of sulphurizing gases which have determined the reprecipitation of the 
zinc from sulphate solutions derived from the oxidation of the blende deposits 
above the water-level.
4. That the arrangement of the crevices indicates a shattering of the strata,
*Safford : Geological Reconnoissance of T ennessee, 18»5, p. 74. 
f  M ining M agazine and Journal of Geology, second series, vol. i, p. 420.
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especially those of the compact vitreous limestones of the lower Trenton, called 
“glass-rock,” analogous to the Assuring obtained by Daubrée in shattering 
plate-glass.
5. That the coincidence in extent of the lead and zinc region with the “ driftless 
area,” as shown by Professors Chamberlin and Salisbury, and the absence of the 
ores in  the glaciated areas tends to show that the ores have been derived from the 
mass of the rocks by gradual oxidation, secretion and lateral flow into the fissures 
during the geologic ages to which the rocks were exposed to atmospheric agencies.
6. That the chemical conditions favoring the deposit of zinc ores and of lead ores 
appear to have been world-wide and most favorable when the ancient Carbonifer­
ous and Silurian limestones were laid down.
D isc u s s io n .
J. F. K em p :
Although not personally familiar with the region described, I  have seen much 
of similar deposits in southeastern Missouri and have been in close touch with Dr 
W. P. Jenney in his work on those in Wisconsin. A fault-fissure seems the most 
reasonable source of supply for such large bodies of ore, but it is extremely difficult 
to detect such as Professor Blake shows. Dr Jenney states that he has found evi­
dence of horizontal faulting, but this is an obscure phenomenon to identify. At 
Mine la Motte, Missouri, experience has shown vertical faults, in one case quite 
extended, but near them the ore-bodies fade out into barren rock—the reverse of 
what we would expect were the fault-fissures a source of supply. Recent drilling 
has given some reason for believing that the ore favors, in a broad way, the places 
where low rolls or anticlines cross the faults. I f  the anticlines had once been more 
marked and a source of some shattering, had then been impregnated with ore and 
afterward subsided, a very puzzling ore-body would have resulted, with no very 
apparent cause for the' original cavities, but with strong analogies with what we 
meet there today. The absence, however, of notable faults in Wisconsin adds 
much to the difficulties of explanation.
T. C. Chamberlin:
There is undoubted evidence of some disturbance of the beds which embrace the 
lead and zinc deposits, and, in some instances, the beds on opposite sides of a lobe 
lie at different altitudes, but I  have never seen evidence which positively deter­
mined whether this was due to faulting or flexure. In the case of flats and pitchers, 
which constitute the notable feature of the lead-bearing deposits, there is evidence 
tha t the mass of rock embraced within the flats and pitchers has settled down 
somewhat, but this has never seemed to me to be -an instance of faulting in the 
larger sense. While beds have been bent and crushed, and while there have been 
minor slips and settlings of the beds, I am not aware that there is any proof of 
general faulting which affected the great series of Paleozoic beds down to the crys­
talline rocks. I t was faulting of this kind that was chiefly in my mind in discuss­
ing the subject of the ore deposits in the Wisconsin reports and not those slight 
minor dislocations which were of merely local and trivial extent. These latter dis­
turbances were doubtless influential factors in determining the final localization of 
the ore deposits, but they could have no bearing upon the original introduction of 
the metalliferous material unless they extended through the strata below.
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The next paper was entitled:
GEOLOGY OF THE SAND-HILL COUNTRY OF THE CAROLINAS 
BY J . A. HOLMES 
\ A b d r a c f \
The coastal plain region of the south Atlantic and Gulf states is covered almost 
everywhere with a thin mantle of loose material, mostly loam, clay or sand, the 
latter predominating, and the general surface is either nearly level or gently undu­
lating. Near the inland border of the region the topographic features and the 
sand-covering are more pronounced. In  the Carolinas the sand-covered ridges and 
hills reach an elevation of 400 to 600 feet, while the brooks at their bases, within 
half a mile of the summits, run at a level of 100 feet, more or less, below, and the 
larger streams which separate the ridges and divides are but little above tide-level. 
Hill and valley alike are covered with a mantle of sand, which varies in thickness 
from 1 to 20 or 30 feet. This pronounced topography and sand-covering have 
given rise to a somewhat general use of the expressions “ sand-hill country ”  and 
‘among the sand-hills.” These expressions are sometimes applied locally to sec­
tions of the coastal plain region near the sea, where the wind-action has produced 
dunes, but such usage is local.
That part of this region which lies between the Neuse and Savannah rivers has 
been examined more particularly, and in this region the following sections will 
indicate fairly well the geologic structure:
а. A series of cross-bedded, medium to coarse arkose sands lying on the irregu­
larly eroded surface of the crystalline rocks. These beds, which are classed pro­
visionally as Cretaceous, coatain in the upper layers in places lenses of clay and 
occasional thin beds and seams of lignitic material. They have been deeply 
eroded, their present surface rising nearly to the tops of the highest hills and sink­
ing to the level of the deeper valleys.
б. Overlying these arkose sands near the tops of a  few of the higher hills are to 
be found small patches of older Eocene deposits, remnants of a  once extensive 
formation.
c. Overlying with marked unconformity the deeply eroded Cretaceous surface 
and the Eocene remnants are the loams and ferruginous sands of the Lafayette 
formation, which in turn have been deeply eroded and entirely removed over con­
siderable areas in the drainage basins of the larger streams.
d. Spread out over this deeply and irregularly eroded surface, resting in places 
on the Lafayette or the Eocene or on the Cretaceous, or where all of these have 
been removed, even on the crystalline rocks, lies the mantle of sand and loam 
which is classed as Columbia.
Among the features in this region deserving special consideration may be men­
tioned the following:
1. The arkose sands, here classed as Cretaceous, which have a thickness in this 
region of several hundred feet, and near the coast a thickness of possibly more 
than 1,000 feet, indicate the removal of a large amount of material from the adja­
cent Piedmont plateau during Cretaceous time while this plateau was being reduced 
to base-level. The origin of the extensive beds of typical arkose material has not 
yet been satisfactorily explained.
V — B u l l . (ip.ot.. Soc. Am., V oi,. 5, 1893.
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2. Evidence of extensive erosion in  this region during the interval between the 
Cretaceous and Eocene deposition has not yet been found to be conclusive, but in 
the coastal plain region further seaward such evidence does exist.
3. I f  extensive Miocene beds ever existed in this region they were removed be­
fore the time of the Lafayette deposition.
4. There are unmistakable evidences of two periods of extensive erosion: (a) One 
post-Eocene and possibly post-Miocene, but pre-Lafayette; (6) the other post- 
Lafayette but pre-Columbia. During the first of these practically all of the Miocene 
formation (if it ever existed in this region), nearly all of the Eocene, and a large 
part of the Cretaceous formation was removed from the Sand-hill country. During 
the second of these erosion intervals there was removed fully one-half of the 
Lafayette formation and additional portions of the formations underlying. There 
are evidences of limited post-Columbia erosion, but the amount is insignificant as 
compared with the work of the two erosion intervals just mentioned.
5. The extent of the submergence of this region during these succeeding periods 
of deposition can be made out approximately. Between the Cape Fear and Peedee 
rivers the position of the land during the later Cretaceous deposition could not 
have been less than 600 feet, and was probably not greater than 800 feet. The 
Eocene remnants capping the hills at an elevation of 500 feet above tide represent 
older Eocene deposits. The submergence during Eocene deposition could hardly 
have been less than 600 or 700 feet and may have been several hundred feet more, 
and the Eocene waters for a short time may have covered a considerable part of 
the Piedmont plateau and washed against the slopes of King’s and Anderson’s 
and the Sauratown mountains. Six or seven hundred feet may be stated as a 
probable maximum submergence during the deposition periods of the Lafayette 
and Columbia.
6. Observations have been made which will aid in  determining approximately 
the amount of elevation of the land during the several erosion intervals, but they 
are not complete enough to warrant their discussion within the limits of this paper.
7. In  conclusion, it may be stated that the general topography of the Sand-hill 
country is as old as the post-Cretaceous and post-Eocene erosion intervals. The 
valleys and stream channels formed at that time were subsequently filled or nearly 
so during the Lafayette deposition, but they were opened up again along the same 
general lines during the post-Lafayette erosion interval. This was followed in 
turn by the comparatively brief Columbia submergence, during which was laid 
down the thin covering of sand in the region under consideration, and of finer 
sand and loam and clay further seaward. These materials again filled the stream- 
channels and adjacent low, level valleys, and they are again being removed by 
post-Columbia erosion; but these recent changes have left the general topography 
much the same as it was long before.
In discussing the paper W J McGee sa id :
To one who is familiar with the difficulties attending field-work in  the Coastal 
plain, the results of Professor Holmes’ studies seem especially important. His 
contributions to the structural geology and the genetic history of this region have 
been so clearly stated as to leave no room for criticism and little room for remarks 
save in commendation. I  beg, however, to direct special attention to the clear­
ness and fullness with which he has elaborated that part of the region which was 
previously most obscure, i. e., the later portion, represented by the vaguely defined
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superficial deposits of sand and loam. His extended observations and cautious 
inferences have illuminated a dark chapter in the geology of the Carolinas.
The following papers were read by title :
THE ARKANSAS COAL MEASURES IN THEIR RELATION TO THE PACIFIC 
CARBONIFEROUS PROVINCE
BY JAMBS PEKRIN SMITH 
GLACIATION OF THE WHITE MOUNTAINS, NEW HAMPSHIRE 
BY C. H. HITCHCOCK
A recent visit to the White mountains has enabled me to complete the exam­
inations needed to affirm that glaciation has been complete over the Presidential 
range of summits and cols. My earlier publications have related chiefly to Mount 
Washington, the highest of all the summ its; for if  the highest point has been 
glaciated it is presumable that the lower portions have been affected in a similar 
manner. Commencing at Mount Madison, the extreme northern elevation, and 
proceeding west of south and south to Mount Webster, the range may be specified 
as follows: Mount Madison, 5,380 feet; * lowest point in the divide or col between 
Madison and Adams, 4,912 feet; Mount Adams, 5,805 feet; col, 4,940 feet; Mount 
Jefferson, 5,725 feet; col, 4,980 feet; Mount Clay, 5,640 feet; Mount Washington,
6,290 feet; Lakes of the Clouds, 5,060 feet; Mount Monroe, 5,390 feet; Mount 
Franklin, 4,904 feet; col between Mount Franklin and Mount Pleasant, 4,400 feet; 
Mount Pleasant, 4,764 feet; Mount Clinton, 4,320 feet; Mount Jackson, 4,100 fee t; 
Mount Webster, 4,000 feet; W hite Mountain Notch, 1,914 feet.
Above 5,000 feet the rocks have never been .protected by vegetation, and conse­
quently a more intense and longer continued freezing action has prevailed; hence 
ledges that were once as firm as possible after the removal of the shattered and 
decayed pieces have now been split into fragments. The glacialist everywhere 
else finds little or no evidence of postglacial dismemberment of the ledges through 
freezing, and has therefore been led to doubt the evidences that have been pre­
sented of the removal of the glaciated surfaces themselves.
The rock of the range is an easily splitting feldspathic mica-schist traversed by 
occasional veins and bunches of white and rose quartz. No signs of striation are 
visible upon the schists, though embossment of the ledges is frequently admirably 
displayed. Two excellent examples of glaciated quartz occur in the cols on both 
sides of Mount Adams, each about 5,000 feet high. In  the most northern col the 
surface of the white glaciated quartz is 10 by 25 feet and the direction of the striae
S. 33° E .f More than half of the surface shows the striation; over the rest the 
lines have been obliterated, but the smoothing remains. By carefully examining 
these two kinds of surface one is enabled to judge whether the smoothed loose 
pieces of quartz found higher up indicate glaciation. Specimens of both these 
smoothed surfaces have been compared and it is impossible to distinguish them
* The heights are given above mean tide-water.
t  The courses of strise have beeu corrected for variation of the compass.
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from each other ; hence the conclusion is drawn that the smoothing upon many 
fragments of white quartz upon the higher summits is due to glaciation. The other 
quartz-ledge showing glaciation is in the Adams-Jefferson col and is 25 by 30 feet 
square, and is completely covered by delicate striæ running S. 55° E. One could 
not readily refer to a larger and handsomer area of glaciated white quartz at any 
lower level away from the mountains.
Every one of the cols in the Presidential range shows excellent examples oi 
roches moutonnées and usually striæ and transported bowlders. The embossment in 
the cols adjacent to Mount Adams and Mount Pleasant are uncommonly fine. 
Those about the Lakes of the Clouds have been figured as good illustrations of ice 
action in  my father’s reports and text-book. No geologist familiar with ice-work 
can hesitate to recognize their glacial origin.
Mount Madison presents near the top the appearance of smoothing and obscure 
glacial marking, and a single pebble of green schist like that found in  ledges in 
the town of Stark has been brought to me.
Mount Adams has changed its surface character somewhat since my first visit 
there twenty-two years ago. I t  was said then that “ fragments are strewn univer­
sally over the cone. You can find one comparatively small block standing above 
every other one at the very apex.” I  now find that the loose fragments at the apex 
have been pushed downhill by tourists and engineers, so small is the summit ; 
consequently glaciation is not visible ; but a few feet lower down, on the north 
side, I  found a rounded bowlder of granite of the size of one’s fist comparable with 
the rock in Stark, and on two sides of the mountain, at levels from 100 to 300 feet 
below the apex, I  found several blocks of hornblende and green schistose rocks 
such as are common about Groveton and Lancaster. Three-fourths of the way 
from the top of Mount Adams to the west base of the cone I  found a protogene 
bowlder weighing 25 pounds. My notes also mention an apparently embossed 
ledge of rock quite near the summit of Adams, on the west side. Mr W. G. Nowell 
observed on the west side striæ at the altitude of 5,500 feet, and also on Mount 
Sam. Adams, 5,583 feet, with the direction S. 58° E.
Mount Jefferson is abundantly covered by transported stones, chiefly of proto­
gene gneiss. On both the north and south flanks they are very noticeable and 
may be counted by the hundred. At the apex I  saw one weighing 20 pounds. 
Two hundred and fifty feet below the summit, on the southwest side, I  found near 
each other obscurely embossed ledges, smoothed fragments of quartz, apparently 
glaciated when in the ledges, and three bowlders, each estimated to weigh two 
tons. On the summit of Mount Clay there are obscure embossed ledges, and I  
picked up a small pebble of slate such as is common in Essex county, Vermont.
I  wil simply say that on Mount Washington I  have found many bowlders of 
protogene and other foreign stones on its northwestern slope and apex. The best 
example is a rounded bowlder of protogene weighing 91 pounds, found about 15 
feet from the southeast angle of the Tiptop house, and presented to the Boston 
Society of Natural History. A supposed scoring measured S. 4'5° E. on a rock plat­
form near the Signal Service station. Professor W. O. Crosby has verified the 
observations of transported bowlders on the summit of Mount Washington. At 
the Lakes of the Clouds the striæ point S. 22° E. and S. 52° E. Two hundred feet 
above these lakes the course is S. 30° E. In  the Mount Pleasant cols the course is
S. 30° E. ; on Mount Clinton from S. 47° to 52° E. ; on the south peak of Clinton
S, 50° E. ; on the top of Mount Webster S. 30° E., and farther south on a surface
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40 by 200 feet S. 30° E. The bowlders seen southwest from the lakes are too nu­
merous to mention.
Concerning the phenomena it  may be remarked in general that—
1. The direction of movement, like that common in the vicinity, is southeast­
erly, and the materials have been transported uphill.
2. The bowlders have come from positions corresponding to the places of their 
dispersal. The protogene on Mount Washington and Mount Jefferson is thought 
to have been derived from Israel river valley, while the Huronian schists and 
granites on Mount Adams have come from Groveton and Stark, a region farther 
north. The protogenes have been transported more than 10 miles and elevated
4,000 feet ; the Huronian schists 12 to 18 miles or more, and the slates probably 
30 miles. No account is taken of the transportation of the bowlders of mica-schist, 
which may have been several miles.
3. The location of two or three lines of terminal moraines in  northern New Eng­
land is such as lead us to believe that their positions are not greatly changed by 
the presence of the higher peaks.
4. These remarks do not apply to the moraines of certain later local glaciers.
5. The arrangement of the recently dis,covered fragments is worthy of notice. 
In  the first place, there are conical hills upon Mount Adams, say 50 feet high and 
75 feet broad, consisting of the débris which has naturally fallen from a ledge. 
These correspond with the eminences in non-glaciated regions where the rocks 
have decayed and have been buried in their own ruins. From one point of view 
all the Presidential mountains are reverting to this condition. Secondly, I  pointed 
out * in  1880 the fact that the angular stones are sliding down the mountain sides so 
as to resemble local moraines. They form sloping terraces, whose tops are grassed 
over and the escarpments consist of loose blocks which have not all reached their 
final state of equilibrium. I  fancied, also, there was a tendency in the blocks to 
radiate from the outer edges of the terraces. They are really a species of flood- 
plain accumulation. I  observed one block of stone about 9 feet long and 3 wide, 
which had been split from a larger piece, upon ground slightly sloping and had 
been moved about a  rod. I t  had crept down the slope, probably when it was icy 
underneath. Its motion was undeniable, as its matrix was visible ; so it would 
appear probable that all the stones in  these terraces have been slowly creeping 
downhill, but falling considerable distances when the slope was steep enough. 
These terraces are sufficiently extensive and abundant to find a place upon surface- 
geology maps of a large scale.
Finally, glaciation has been complete all over the W hite mountains. We are 
compelled to explain why the ice has climbed from the low level of the Saint Law­
rence and has overridden the high Montalban watershed. The motion of the 
glacial ice was so irresistible that this elevated ridge has not prevented its onward 
march. We can also satisfy ourselves as to the minimum thickness of the ice-sheet 
and the slope of the surface from the point over Mount Washington to the sea- 
level. The object of this paper, however, is not to discuss these and related ques­
tions, but simply to show that the evidence of glaciation over the highest of the 
W hite mountains has been satisfactorily substantiated.
The scientific program was declared closed.
♦Among the Clouds, August 7, 1880.
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3 8 PROCEEDINGS OP MADISON MEETING.
Professor R. D. Salisbury moved the appointment of a committee of 
three to send greeting in the name of the Society to Professor B. K. Em­
erson, who was unable to attend on account of injury in  a railroad acci­
dent. The motion was voted, and the Chair named as such committee 
R. D. Salisbury, G Frederick Wright and H . S. Williams. 
The following resolutions were presented by W J McGee and unan­
imously voted:
Resolved, That the cordial thanks of the Society be extended to the University 
of Wisconsin for the use of rooms and for various facilities enjoyed during the 
present meeting; and
Resolved, That the Society express hearty appreciation of the earnest and emi­
nently efficient efforts of the Local Committee to render this meeting agreeable 
and successful.
Acting President Chamberlin made a few appropriate remarks and 
declared the Fifth Summer Meeting adjourned.
R e g is t e r  o f  t h e  M a d is o n  M e e t in g , 1893 
The following Fellows were in attendance at the m eeting:
R o b e r t  B e l l . 
W il l ia m  P. B l a k e . 
S a m u e l  C a l v in .
T . C. C h a m b e r l in . 
E. W . Cl a y p o l e .
N . H .  D a r t o n .
H .  L . F a ir c h il d .
A . C. G i l l .
U l y s se s  S. G r a n t . 
L . S. G r is w o l d . 
W m . F .  E. G u r l e y . 
W m . H .  H o b b s .
J .  A . H o l m e s . 
J a m e s  F .  K e m p .
C. R. K e y e s . 
J o s e p h  L e  C o n t e . 
F r a n k  L e v e r e t t . 
W J M cG e e .
V. F. M a r s t e r s .
H .  B . N a so n .
H a r r y  F ie l d in g  R e i d . 
I s r a e l  C. R u s s e l l . 
R o l l in  D . S a l is b u r y . 
F r e d . W . S a r d e s o n .
J .  W . S p e n c e r .
J .  S t a n l e y -B r o w n . 
J o h n  J .  S t e v e n s o n .
A . S . T if f a n y .
E. 0 . U l r ic h .
W a r r e n  U p h a m .
C. R . V a n  H i s e . 
C h a r l e s  D . W a l c o t t . 
H e n r y  S . W il l ia m s .
N . H .  W in c h e l l . 
A r t h u r  W in s l o w .
G . F r e d e r ic k  W r ig h t .
FELLOWS-ELECT.
C. H. G o r d o n . A l b e r t  A , W r ig h t ,
Total attendance, 38,
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